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1.0 Introduction 


This document has been prepared in support of a Class A-3 Permanent Solution Partial 
Response Action Outcome (RAO) Statement for the former Manufacturing Area (FMA) at 
the Reichhold, Inc. (Reichhold) site (herein after referred to as “the site”) located at 77 
Lowell Junction Road, Andover, Massachusetts (refer to Exhibit 1-1), and further identified 
by the Massachusetts Department of Environmental Protection (MADEP) as Release 
Tracking Number (RTN) 3-0208. The partial RAO is the final of a series of five partial 
RAO’s for the site and thus completes site closure. 


The property is approximately 44.7acres based on current survey information and is divided 
into three Parcels. Exhibit 1-2 provides a site-wide facility plan of the former facility. Parcel 
I (southwest), estimated at approximately 14.6 acres was the location of the former 
manufacturing facility (FMA) and a former industrial landfill (LFA). The FMA still contains 
certain structures (warehouse, office building) as well as footprints for other buildings 
grandfathered for redevelopment. Parcel II (northwest), estimated at approximately 11.2 
acres includes an upland area and a wetland area. The upland area was the location of six 
former waste lagoons and a concrete equalization basin. No known industrial activities 
occurred in the wetlands portion of the parcel. Parcel III (northeast), estimated at 
approximately 18.9 acres, is currently undeveloped and has had no known industrial 
activity associated with it. The MADEP assigned release tracking number (RTN) 3-0208 for 
the site and it was later tier classified (a Tier II site) under the Massachusetts Contingency 
Plan (MCP, 310 CMR 40.000 et seq.). The site is also classified as a Public Involvement Plan 
(PIP) site (CH2M HILL, 1996). 


Remedial activities have been completed and Class A Permanent Solution Partial Response 
Action Outcome (RAO) Statements have been filed for each of the three parcels, with the 
exception of the portion of Parcel I that comprises the FMA and is the subject of this filing. 
The following provides a summary of Partial RAOs previously filed for RTN 3-0208 and 
identifies the final filing (this document) for the FMA, identified in italics: 





Parcel Partial Response Action Statements 





I Former Landfill Area (LFA) Class A-3 Partial RAO (including AUL) - 
April 2009. 





Former Manufacturing Area (FMA) Class A-3 Partial RAO (including 
AUL) - February 2013. 





II Non-wetlands Area Class A-3 Partial RAO (including AUL) - 
December, 2004. 





Wetlands Area Class A-3 partial RAO (including AUL) - March 2009. 








Il Undeveloped Area Class A-2 Permanent Solution Partial-RAO - 
November 2004. 











The FMA is located in the southwest corner of Parcel I adjacent to the Shawsheen River. 

Use of the approximately 10.6 acre area is conditioned by an Activity and Use Limitation 
(AUL), contained herein as an attachment. Generally, the AUL permits commercial, 
industrial, and/or recreational use and allows slab-on-grade building construction utilizing 
engineered vapor intrusion controls, unless in the Opinion of a LSP these measures are not 
required to maintain a condition of no significant risk (NSR). The FMA is described by 
Town of Andover Tax Assessors Map 159, as including portions of Lots 1 through 4. Exhibit 
1-3 shows the FMA boundary. Exhibit 1-4, filed with the Essex County (Northern District) 
Registry of Deeds as Plan PL-16838 at the time of the AUL recording, identifies the 
boundaries of the AUL, including the detailed metes and bounds. 


Attachment A provides a copy of form BWSC104, Response Action Outcome Statement. A 
human health risk assessment addendum (HHRAA) for the FMA is provided as Attachment 
B. In accordance with Massachusetts DEP Interim Final Policy WSC/ORS-95-141 (MADEP, 
1995), an evaluation of cumulative exposures to residual concentrations present at the entire 
site comprising the former Reichhold facility is provided in the Risk Evaluation (Section 5) 
and supporting calculations are provided in Attachment C. This evaluation assessed site- 
wide risks using data from HHRAAs supporting each of the Partial RAOs, identified above, 
for each of the different portions of the former Reichhold facility. The overall risk 
evaluation, including public safety, public welfare, and environmental risk screening is 
summarized in Section 5 of Attachment B. Attachment D provides a copy of the Activity 
and Use Limitation (AUL) filed with Essex County (Northern District) Registry of Deeds for 
the FMA. Attachment E provides data usability evaluations for data supporting this RAO. 


2.0 General Site Background and Previous 
Submittals 


2.1 — Site History 


The site, located at 77 Lowell Junction Road, Andover, Massachusetts, was purchased by 
Watson Park Company in November 1930. Prior to Watson Park’s ownership, the site was 
known as New England Plywood. The site was purchased by Reichhold from Watson Park 
in 1953. Reichhold owned the property from 1953 until June 1986 at which point the real 
property and operation were sold to BTL Specialty Resins Corporation (BTL). At the 
property, Watson Park, Reichhold and BTL produced phenolic compounds and urea 
formaldehyde resins in use in many industries. 


BTL closed the facility in February 1990 and it has not been in operation since. In September 
1996, Reichhold re-acquired the site from BTL for the purpose of facilitating remedial 
activities under the MCP. 


2.2 | Summary of Comprehensive Response Actions 


The property was first listed in the MADEP’s August 1993 Transition List of Confirmed 
Disposal Sites and Locations to be Investigated (LTBI) on January 15, 1987 and was issued 
the Release Tracking Number (RTN) 3-0208. 


In June 1995, Reichhold retained CH2M HILL to provide licensed site professional (LSP) 
services for the property, which was then owned by BTL Specialty Resins, Inc. (BTL). 
Although Reichhold did not own the property at the time, they assumed the lead role in the 
site remediation process and continued to do so after re-acquiring the site from BTL in 1996. 
On or before August 2, 1995, a Phase I Initial Site Investigation (ISI) Report, a Numerical 
Ranking System (NRS) scoresheet, and a Tier Classification Submittal in accordance with the 
MCP regulations (310 CMR 40.0840, 40.1500 and 40.0500) were submitted to the MADEP on 
behalf of Reichhold. The Phase I ISI identified three areas of concern: the Equalization Basin 
Area (EBA), the former Landfill Area (LFA), and the former Manufacturing Area (FMA). In 
September 1996, subsequent to the Phase I ISI submittal to the MADEP, the property was re- 
acquired by Reichhold to facilitate remediation activities under the MCP. 


The former manufacturing area (FMA) is one of three areas of concern identified at the site. 
Assessment and remediation activities in two of the areas, the former landfill area (LFA) 
within Parcel I, and the equalization basin area (EBA) within Parcel II, including non- 
wetlands and wetlands portions, concluded with the achievement of three separate Class A- 
3 Partial RAOs (CH2M HILL, 2004e, 2009a, 2009c). Parcel II to the north of the Boston and 
Maine railroad right of way remained undeveloped open space over the years and was not 
used by Reichhold to support industrial activities. Assessment activities were concluded 
there with a Class A-2 Partial RAO (CH2M HILL 2004c). Parcels I and II are zoned 
Industrial A ([A) and Industrial G (IG), respectively, by the Town of Andover, permitting 


most industrial and office uses. They were used for industrial operations between the 1930s 
and the facility’s closure in February, 1990. Parcel III is zoned Single Residence C (SRC). 


Beginning in 1997, Reichhold conducted several MCP response actions at the site and 
continued them through 2006. These included extensive in-situ soil treatment, as well as 
removal and proper disposal of soils and hardened resins. Structures have also been 
demolished to provide access to complete soils remediation activities. Soils treatment 
utilized Oxygen Release Compound (ORC®) and EHC®. During soil excavation/removal 
activities excavation limits and associated shallow groundwater were treated. In addition, 
ORC® slurries were injected through temporary infiltration piping and injection points 
established in backfilled excavations or injection points driven into undisturbed materials to 
further groundwater treatment. In 2006, in-situ chemical oxidation (ISCO) involving 
alkaline-activated sodium persulfate was utilized to provide a final treatment of 
groundwater in key areas of residual impact in the FMA. Intrinsic bioremediation through 
monitored natural attenuation (MNA) once source areas have been removed and/or treated 
has been a key component of the remediation strategy. 


Detailed information relating to the site assessment and remedial response actions can be 
found in the following reports: 


e CH2M HILL, June, 1995. Phase I - Initial Site Investigation, 77 Lowell Junction Road, Andover, 
Massachusetts. RTN3-0208. 


e CH2MHILL, September, 1996. Public Involvement Plan, 77 Lowell Junction Road, Andover, 
Massachusetts. RTN3-0208. 


e CH2M HILL, August, 1997. Phase II - Comprehensive Site Assessment, 77 Lowell Junction Road, 
Andover, MA. RTN3-0208. 


e CH2M HILL, October, 1997. Phase III - Remedial Action Plan, 77 Lowell Junction Road, 
Andover, MA. RTN3-0208. 


e CH2M HILL, November 1997. Phase IV - Remedy Implementation Plan, 77 Lowell Junction 
Road, Andover, MA. RTN3-0208. 


e CH2M HILL, July, 1999. Well Abandonment Report, 77 Lowell Junction Road, Andover, MA. 
RTN3B-0208. 


e CH2M HILL, July, 1999. Phase IV - Final Inspection Report, 77 Lowell Junction Road, Andover, 
MA. RTN3-0208. 


e CH2M HILL, December, 1999. Phase V - Operation, Maintenance, and Monitoring Report, 77 
Lowell Junction Road, Andover, MA. RTN3-0208. 


e CH2M HILL, June, 2000. Phase IV - Remedy Implementation Plan Addendum, 77 Lowell 
Junction Road, Andover, MA. RTN3-0208. 


e CH2M HILL, July, 2000. Documentation Supporting a Class C Response Action Outcome 
Statement, 77 Lowell Junction Road, Andover, MA. RTN3-0208. 


e CH2M HILL, July, 2000. Phase V - Operation, Maintenance, and Monitoring Report, 77 Lowell 
Junction Road, Andover, MA. RTN3-0208. 


e CH2M HILL, December, 2000. Phase IV - Final Inspection Report Addendum, 77 Lowell 
Junction Road, Andover, MA. RTN3-0208. 





CH2M HILL, April, 2001. 2000 Post RAO Operation, Maintenance, and Monitoring Report, 77 
Lowell Junction Road, MA RTN 3-0208. 


CH2M HILL, May, 2002. 2001 Post RAO Operation, Maintenance, and Monitoring Report, 77 
Lowell Junction Road, MA RTN 3-0208. 


CH2M HILL, November, 2003. 2002 Post RAO Operation, Maintenance, and Monitoring Report, 
77 Lowell Junction Road, MA RTN 3-0208. 


CH2M HILL, June, 2004. 2003 Post RAO Operation, Maintenance, and Monitoring Report, 77 
Lowell Junction Road, MA RTN 3-0208. 


CH2MHILL, June, 2004. Phase IV - Remedy Implementation Plan Addendum, 77 Lowell 
Junction Road, Andover, MA. RTN3-0208. 


CH2M HILL, December, 2004. Class A-3 Permanent Solution Partial Action Outcome Statement - 
Parcel II [non-wetland portion], 77 Lowell Junction Road, Andover, MA. RTN3-0208. 


CH2M HILL, December, 2004. Class A-3 Permanent Solution Partial Action Outcome Statement - 
Parcel I Former Landfill Area, 77 Lowell Junction Road, Andover, MA. RTN3-0208. 


CH2M HILL, July, 2005. 2004 Post RAO Operation, Maintenance, and Monitoring Report, 77 
Lowell Junction Road, MA RTN 3-0208. 


CH2M HILL, November, 2005. Phase IV - Final Inspection Report Addendum, 77 Lowell 
Junction Road, MA RTN 3-0208. 


CH2M HILL, October, 2006. 2005 Post RAO Operation, Maintenance, and Monitoring Report, 77 
Lowell Junction Road, MA RTN 3-0208. 


CH2M HILL, October, 2007. Post-Class C Response Action Outcome Status Report, 77 Lowell 
Junction Road, MA RTN 3-0208. 





CH2M HILL, January, 2008. January - June 2007 Post-Class C Response Action Outcome Status 
Report, 77 Lowell Junction Road, MA RTN 3-0208. 


CH2M HILL, April, 2008. July - December 2007 Post-Class C Response Action Outcome Status 
Report, 77 Lowell Junction Road, MA RTN 3-0208. 


CH2M HILL, June, 2008. Phase IV- Final Inspection Report - Addendum, 77 Lowell Junction 
Road, MA RTN 3-0208. 


CH2M HILL, July, 2008. Documentation Supporting a Class A-3 Permanent Solution Partial 
Response Action Outcome (RAO) Statement - Parcel I Landfill Area. RTN3-0208. 


CH2M HILL, March, 2009. Class A-3 Permanent Solution Partial Action Outcome Statement - 
Parcel II [wetland portion], 77 Lowell Junction Road, Andover, MA. RTN3-0208. 





CH2M HILL, April, 2009. Revised Documentation Supporting a Class A-3 Permanent Solution 
Partial Response Action Outcome Statement - Parcel I Former Landfill Area, 77 Lowell Junction 
Road, Andover, MA RTN 3-0208. 


CH2M HILL, May, 2009. Confirmatory Amendment to a Notice of Activity Use Limitation (AUL), 
Parcel I - Former Landfill Area, 77 Lowell Junction Road, Andover, MA RTN 3-0208. 


CH2M HILL, July, 2009. July - December 2008 Post RAO Operation, Maintenance, and 
Monitoring Report, 77 Lowell Junction Road, Andover, MA RTN 3-0208. 


CH2M HILL, September, 2009. January - June 2009 Post RAO Operation, Maintenance, and 
Monitoring Report, 77 Lowell Junction Road, Andover, MA RTN 3-0208. 


e CH2M HILL, June, 2010. July - December 2009 Post RAO Operation Maintenance, and 
Monitoring Report, 77 Lowell Junction Road, Andover, MA RTN 3-0208. 


e CH2M HILL, April, 2011. January - December 2010 Post RAO Operation, Maintenance, and 
Monitoring Report, 77 Lowell Junction Road, Andover, MA RTN 3-0208. 


e CH2M HILL, December, 2011. January - June 2011 Post RAO Operation, Maintenance, and 
Monitoring Report, 77 Lowell Junction Road, Andover, MA RTN 3-0208. 





e CH2M HILL, March, 2012. July - December 2011 Post RAO Operation, Maintenance, and 
Monitoring Report, 77 Lowell Junction Road, Andover, MA RTN 3-0208. 














These reports are available for review at the following locations: 
e The Andover Memorial Library, Reference Desk in Andover, Massachusetts 


e The Andover Board of Health, Town Offices, Bartlett Street in Andover, Massachusetts 


3.0 History of Response Actions - Former 
Manufacturing Area 


Prior to February, 1990, the former manufacturing area (FMA) was operating and 
producing a variety phenolic and urea formaldehyde resins. A Phase II Comprehensive Site 
Assessment (CH2M HILL, 1997b) identified several areas of impacted soils and phenolic 
resins in the FMA exceeding soil remedial action goals for the site. Elevated concentrations 
of phenols and VOCs were detected in both the soil and groundwater of the FMA. The 
primary sources of these contaminants were historical releases associated with 
manufacturing operations. A Phase III Remedial Action Plan (RAP, CH2M HILL, 1997d) 
and Phase IV Remedy Implementation Plan (RIP, CH2M HILL, 1997e) were developed for 
the site, including the FMA. 


3.1 Source Remediation 


The primary goals of the RAP for the FMA consisted of excavation and off-site disposal of 
contaminated soils /resins, demolition of concrete associated with a former above-ground 
storage tank (AST) farm, excavation of a 500-gallon concrete sump within the loading dock 
area of the manufacturing building, excavation of the kettle building sump, and removal of 
stormwater piping. The Phase IV- Final Inspection Report (CH2M HILL, 1999a) provides 
specific details of the remediated areas associated with implementation of the Phase IV RIP. 
In addition, the report describes other demolition activity that was accomplished at the time 
of soil remediation activities, including demolition of the former kettle building, a storage 
building, and a small shed. Exhibit 3-1 depicts the general areas that were addressed and 
more specific drawings of each area are included in the Phase IV FIR (CH2M HILL, 1999a). 


Asphalt removal was performed to provide access to contaminated soils for removal and 
stormwater management facilities for demolition, as well as to enhance natural infiltration 
of stormwater on site. Excavation, transportation and disposal of impacted media involved 
a total of 2,649.29 tons of contaminated soils/resins to Waste Management's Crossroads 
Landfill in Norridgewock, Maine and 975.81 tons of contaminated soils to Environmental 
Quality’s landfill in Wayne, Michigan. In summary, excavation and removal activities 
involved a loading dock sump (fuel oil impacted soils); an area near a former shed (fuel oil 
impacted soil); railroad spur area (resins); kettle building area (xylene impacted soils); 
manufacturing building sump (soils and hardened resins); area near former Tank Farm 4 
(soils and hardened resins); area involving styrene-impacted soil near the former 
manufacturing building; area near Tank Farm 3 (soils and hardened resins); and an area 
near the former kettle building sump (hardened resins and xylene/ethylbenzene impacted 
soils). 


During excavation and removal of sumps, stormwater piping was removed. If resins were 
not present, pipes were crushed with other concrete. If resins were present, the piping was 
disposed of with contaminated soils/resins. Nine catch basins were removed and five were 
abandoned in place by filling with concrete. Other concrete and brick associated with 
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demolition were crushed and reused as fill in the area of the former kettle building and the 
northwest corner of the former landfill. Concrete from the cooling tower was also crushed 
and reused. Gravel and stone were imported and placed in excavations and compacted. 


Due to high levels of contamination encountered in the styrene excavation area and the 
kettle building sump excavation area, 240 pounds and 800 pounds of ORC® powder, 
respectively, were applied prior to backfilling of these areas to enhance intrinsic 
bioremediation by providing an oxygen source. Final restoration of the excavation areas 
and areas where demolitions had occurred and asphalt had been removed involved 
placement of a geotextile layer overlain by six inches of 3-inch minus stone. 


3.2 Groundwater and Additional Source Remediation 


Based on groundwater monitoring, two areas, referred to as the styrene remedial area and 
the former kettle building remedial area were selected for ORC® treatment (CH2M HILL, 
2000d). The styrene remedial area was located near the rear of the former manufacturing 
building upgradient of CHMW-13 and the former kettle building remedial area was located 
near monitoring wells GM-6S and CHMW-12. The kettle building had been demolished; 
however, the manufacturing building was still in place. Exhibit 3-2 and 3-3 illustrate where 
this work was conducted. 


Based on elevated levels of ethylbenzene and styrene detected in monitoring well CHMW- 
13, it was determined that localized groundwater contamination existing in this area could 
be addressed with ORC® treatment. To facilitate treatment, one large trench 50’ (wide) x 30’ 
(long) x 10-15’ (deep) was installed at the rear of the manufacturing building and the trench 
bottom, including groundwater, was treated with 480 pounds of ORC® powder. At the 
same time, seven 2-inch injection points (10 feet long with 5 feet of 20 slot screen) were 
installed across the water table during backfilling of the excavation to facilitate future 
treatment. The points were set with the screens across approximately 5 feet of the water- 
table aquifer (CH2M HILL, 2000d). These were subsequently used for treatment 16 months 
later in 2001 with 900 pounds of an ORC® in a 25% slurry solution (CH2M HILL, 2002). 


Groundwater data also showed elevated levels of xylene and ethylbenzene in the 
groundwater in two separate areas near the former Kettle Building, prompting the 
monitoring of one existing well (GM-6S) and the installation of a new monitoring well 
(CHMW-12) to observe the water quality in this part of the site. Based on this information, 
it was determined that ORC® treatment would be conducted at two sets of paired trenches. 
These trench pairs were installed in the area of GM-6S and CHMW-12 near the former kettle 
building. These trenches were 4’ (wide) x 70’ (long) x 10-15’ (deep). The trenches upgradient 
of CHMW-12 were treated with 630 pounds of ORC® powder. The trenches between 
CHMW-12 and GM-6S were treated with 420 pounds of ORC® powder. The upgradient 
trench of each of the pairs was fitted with seven 2-inch injection points (8 feet long with 3 
feet of 20 slot screen). The points were set with the screens across approximately 3 feet of 
the water-table aquifer (CH2M HILL, 2000d). These were subsequently used for treatment 
16 months later in 2001 with 210 pounds and 630 pounds of ORC® in a 25% slurry 
solution(CH2M HILL, 2002). In summary, a total of 1,530 lbs of ORC® powder was applied 
to the area in 2000 (CH2M HILL, 2000d) and 1,740 lbs applied (in slurry form) in 2001 
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(CH2M HILL, 2002). Groundwater monitoring continued at the sites after the remediation 
efforts had been completed. 


Further monitoring and investigation suggested an on-going source of ethylbenzene 
present beneath the former manufacturing building. A recommendation was made to 
evaluate the feasibility of demolition of the building to facilitate excavation and disposal of 
contaminated soils (CH2M HILL, 2004a). A Remedy Implementation Plan (RIP, CH2M 
HILL, 2004b) was developed, including demolition, other abatement activities and well 
abandonments (CHMW-14 and CHMW-15). This RIP would be undertaken to facilitate 
excavation, transportation, and disposal of contaminated soils from beneath the former 
manufacturing building. The excavations would be backfilled and restored following 
source removal. In addition, continued semi-annual groundwater monitoring would 
continue in the area. 


Demolition activities under the RIP were conducted in June and July of 2004. During these 
activities, the former manufacturing building, former pump house, and a footbridge across 
the Shawsheen River near the pump house were demolished (CH2M HILL, 2005c). During 
the demolition of the concrete slab in the eastern half of the manufacturing building’s 
foundation, a second slab was discovered underneath the first. Resin was encountered in 
some areas between slabs. Consequently, the concrete was sampled, separated, and 910.44 
tons of concrete was removed from this area and transported to Waste Management of New 
Hampshire’s Turnkey landfill for disposal. 


Excavation activities were conducted with the objective of removing the source material 
impacting the FMA groundwater. Following demolition of the former manufacturing 
building, excavation of contaminated soils was conducted beneath both the former 
manufacturing building and the former kettle building. In the eastern portion of the 
excavation area, the depth of excavation was 3 feet, over a 100’ x 30’ area, while the western 
portion of the area was excavated to 18 in. over a 100’ x 18’ area. Field test kits were utilized 
to determine excavation limits. Soil was excavated to the water table (approximately 3 ft. 
bgs). A total of 1,062.48 tons of contaminated soils were removed from the former 
manufacturing building and kettle building between August and October, 2004 and were 
disposed at the Waste Management of New Hampshire’s Turnkey landfill (CH2M HILL, 
2005c). 


Approximately 2,250 Ibs of O?-Release EHC® (Adventus) was applied to the base of the 
excavation areas prior to backfilling. Exhibit 3-4, adapted from the 2005 Phase IV FIR 
(CH2M HILL, 2005), identifies the location of the manufacturing building and kettle 
building excavation and treatment areas. EHC® consists of a combination of controlled- 
release solid carbon and zero-valent iron (ZVI). Approximately 1,650 Ibs was applied to the 
former manufacturing building excavation and 600 Ibs to the former kettle building 
excavation. In addition two rows of injection piping were installed within the former 
manufacturing building footprint and one row within the former kettle building footprint. 
This installation would allow for the future application of EHC, if needed. 


Approximately 1,200 tons of existing fill located beneath the loading dock slab was moved 
to backfill the area east of the loading dock. Additionally, 2,400 tons of clean imported 
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material (dense graded aggregate) was used to complete backfilling of the excavation areas 
and the depressions left by demolition activities. Non-woven geotextile was laid west of the 
former manufacturing building over all the areas disturbed by the demolition activities 
(32,000 sf). 1,100 tons of crushed stone were installed over this geotextile in a layer 6 in. 
thick. 


In March 2006, test-pitting, subsurface soil sampling, and groundwater sampling were 
conducted in the FMA to identify potential areas of residual contamination and to 
determine appropriate locations for ISCO application involving alkaline-activated sodium 
persulfate. Based on this sampling, it was determined that further treatment would be 
conducted at several locations within the FMA and that post-treatment sampling would be 
conducted to ascertain the effectiveness of further remediation (CH2M HILL, 2008d). 
Injection wells and injection points were installed in May/June, 2006, with direct-push 
technology and injection work completed. Based on a pilot test, further ISCO treatment was 
conducted. A total of 12,500 lbs of persulfate and 2,250 Ibs of sodium hydroxide (for high 
PH activation) were applied in a 19% aqueous solution over all the locations. Exhibit 3-5 
identifies the locations of the probes utilized for ISCO injections. Further details of testing 
(e.g. radius of influence) are contained in the Phase IV-FIR (CH2M HILL, 2008d). Post-ISCO 
sampling indicated that groundwater in the area was influenced as far as 62 ft. from the 
injection zone. 


Post-ISCO sampling was conducted in July and October, 2006. Contaminant concentrations 
detected in the October round of sampling showed a general decrease relative to the July 
sampling event. The primary COCs, xylene and ethylbenzene, showed a reduction of 88%- 
99% in 4 of 6 monitoring wells, and a reduction of 55% in the other wells. Overall, the ISCO 
treatment was shown to be effective. 


Since the last groundwater treatment involving ISCO in 2006, groundwater monitoring has 
been conducted on a semi-annual basis at seven monitoring wells/probe locations within 
the FMA including GM-2, GM-6S, GP-6, GP-10, GP-11, CHMW-12, and CHMW-13. The 
monitoring locations are identified in Exhibit 3-6. These results have been presented in the 
semi-annual operation, maintenance, and monitoring (OMM) reports. Declining 
concentration trends have been observed for ethylbenzene and xylene in this monitoring 
network over time. Table 3-1 provides results from these and other wells both pre- and post- 
ISCO treatment. Downward trends are apparent at all locations. The last OMM report, 
involving the period July through December 2011 (CH2M HILL, 2012) recommended 
incorporating existing groundwater data into an updated comprehensive Method 3 risk 
assessment for the facility and reducing the monitoring frequency from semiannual to an 
annual monitoring, with the annual event to occur in November. If the risk assessment 
were to indicate a level of No Significant Risk for the current and foreseeable future has 
been achieved or could be with an AUL, then a permanent solution response action outcome 
(RAO) statement would be prepared and monitoring would cease. This RAO presents the 
findings of the updated risk assessment (refer to Section 5). 
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4.0 Representativeness Evaluation and Data 
Usability Assessment 


In accordance with 310 CMR 40.1056(2)(k), Response Action Outcome (RAO) Statements 

are required to include a representativeness evaluation and data usability assessment. The 
MCP Representativeness Evaluations and Data Usability Assessments, Policy #WSC-07-350, 
(MADEP, 2007) provides guidance for these assessments. The following sections provide a 
discussion relating to data representativeness and usability supporting the site investigation 
and closure process. 


4.1 Representativeness Evaluation 


The Phase II Comprehensive Site Assessment (CSA) investigations for the former 
Manufacturing Area (FMA) included soil and groundwater sampling. The purpose of the 
soil sampling was to assess soil quality in the area, provide sufficient data to determine the 
presence or absence of contamination in specific areas, determine the lateral/vertical extent 
of contamination, if encountered, and to provide sufficient data to support a site-specific 
risk characterization. For the FMA, the soil samples specifically targeted areas of concern, 
including the various former tank farms, the railroad spur area, the former drum storage 
area, the former gasoline UST area, and the former septic system area. A total of 21 borings 
were installed within the FMA, and samples were collected. Two test pits were also installed 
near one of the former tank farms to test the soil quality in that area. Of these installations, 
15 borings and the one test pit were sampled for lab analysis, while the other installations 
were analyzed on site using field techniques. Both shallow (0-3 ft bgs) and deep (> 3 ft bgs) 
samples were taken. The analyses conducted included VOCs, phenols, and selected metals 
(cadmium, copper, zinc, iron, lead). Seven of the samples were also analyzed for SVOCs. 
Three of the samples were analyzed for Resource Conservation Recovery Act (RCRA) 8 
metals (arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver) along 
with tests for iron, copper, and zinc. Additional soil data were collected post-remediation 
activities in 2006, 2007, and 2008. Composite samples of demolished concrete stockpiles 
were collected in 2007 and 2008. 


The CSA groundwater investigations included sampling of a total of 12 wells in the FMA. 
Eight micro-wells were installed within the FMA to allow for enhanced groundwater 
sampling. Some of these micro-wells were installed by continuing some of the soil borings 
already installed in the area. Existing wells that were in good condition were included in the 
sampling. Each well was sampled once, with the exception of GM-6 and GM-7, which were 
sampled at both shallow and deep intervals. Analytes included VOCs, phenols, and RCRA 8 
metals plus iron, copper, and zinc. Two of the wells were also analyzed for SVOCs. 


Seven monitoring wells (CHMW-12, CHMW-13, GM-2, GM-6S, GP-06, GP-10, and GP-11) 
were monitored over several years and data for the years 2009, 2010, and 2011, including 
VOCs and individual phenols (through June, 2009). Data for eight other monitoring wells 
(CHMW-9, GP-03, GP-05, GP-07, GP-08, GP-09, GP-16, GP-17), including VOCs and 
individual phenols, last monitored in 2006 and 2007 were included in the data-set evaluated 
in the risk assessment to provide additional areal coverage. This is considered to add an 
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element of conservatism since intrinsic bioremediation trends since these wells were last 
monitored is expected to have resulted in further declines in COCs as observed at the other 
seven wells monitored on a biannual basis. 


Surface water and sediment samples were collected from the lower Shawsheen River near 
the FMA in July 2007 to support the Human Health Risk Assessment Addendum (HHRAA). 
These were analyzed for VOCs, individual phenols, EPH, VPH, TOC, and Metals (sediment 
only). Passive diffusion bag (PDB) samplers were utilized in 2011 to collect VOC samples 
from pore-water beneath the stream-bottom where groundwater from the FMA is 
discharging to the river. These data were used in the update of the environmental risk 
screening. 


Only laboratory analytical data are used in the risk assessment. The sampling data set for 
soil, sediment, groundwater, and processed concrete is considered adequate to characterize 
site conditions, generate the human health risk assessment, and support this RAO filing. 


4.2 Data Usability 


Field samples included in this assessment were collected in accordance with standard 
sampling methods, preserved at the site, and delivered to the laboratory within acceptable 
holding times. All of the data used in support of the risk assessments was generated at 
fixed qualified analytical laboratories using standard analytical methods which are in 
accordance with the MADEP Compendium of Analytical Methods (CAM) document (WSC- 
CAM-VIIA) (MADEP, 2004). Analytical laboratory reports associated with the Phase II 
investigations (conducted in 1997) were submitted to the MADEP with the Phase II 
Comprehensive Site Assessment report (CH2M HILL, 1997b). Laboratory reports associated 
with confirmatory sampling for response actions were submitted to the MADEP with the 
Phase IV Final Inspection Report (CH2M HILL, 1999a) and addenda (CH2M HILL, 2000d, 
2004b, 2005c, 2006b, and 2008d). Analytical laboratory reports for the subsequent 
groundwater monitoring were submitted to the MADEP with the annual Operating, 
Maintenance, and Monitoring reports (CH2M HILL 2007, 2008a, 2008b, 2008f, 2009e, 2009f, 
2010, 2011a, 2011b, and 2012). The analytical laboratory case narratives have been reviewed 
by a chemist to confirm quality assurance and quality control compliance with the 
requirements for “Presumptive Certainty” as described in the MADEP CAM document 
(MADEP, 2004). The reviewed data reports have been determined to be acceptable for 
inclusion in the data set. A summary of this review grouped by sampling event is included 
in Attachment E. 
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5.0 Risk Evaluation - Former Manufacturing 
Area 


5.1 Human Health Risk Assessment Addendum 


Attachment B includes a Human Health Risk Assessment Addendum (HHRAA) as an 
update to the Human Health Risk Assessment (HHRA) that was prepared for the FMA in 
1997 (CH2M HILL, 1997). Initially, the Phase II-CSA (CH2M HILL, 1997) provided a human 
health risk evaluation, including the FMA. Risks were characterized using Massachusetts 
DEP Method 3 guidance for current and foreseeable land uses. Attachment B, provides an 
updated risk evaluation that includes data collected since soils and groundwater 
remediation have been conducted. The attached addendum also includes a Method 3 risk 
characterization and concludes that the FMA does not pose any significant risk to human 
health under the current and expected future land use conditions, with the exception of non- 
cancer hazards associated with potential exposure to indoor air at future buildings, if no 
engineered controls limiting vapor intrusion (e.g. vapor barriers and passive sub-slab 
venting) are used. 


Analytical data from the Phase II - CSA (CH2M HILL, 1997), Phase IV- FIR (CH2M HILL, 
1999), the 2001 Post-RAO Operations, Maintenance, and Monitoring (OMM) Report (CH2M 
HILL, 2002), the 2002 Post-RAO OMM Report (CH2M HILL, 2003), the 2006 Post-Class C 
Response Action Outcome Status Report (CH2M HILL, 2007), and the 2009, 2010, and 2011 
OMM Reports (CH2M HILL, 2009d, 2010, 2011a, 2011b, and 2012) were used to develop the 
HHRAA (Attachment B). 


A number of residual chemical constituents were identified during the risk assessment as 
soil or groundwater COCs in the former FMA; however, xylenes (mixed isomers) and 
ethylbenzene were considered to be primary COCs. Further details concerning COCs are 
provided in Attachment B, Section 3. The aquifer below the FMA has been classified as a 
non-potential drinking water source area (NPDWSA) by DEP. 


The expected future use of the former FMA may include recreational uses, municipal 
storage, or other forms of industrial/commercial development. The HHRAA evaluated 
potential exposures based on current land use and two reasonably foreseeable future use 
scenarios: commercial/industrial and recreational. Additionally, potential current and 
future risks were estimated for recreational exposures in the Shawsheen River reach 
adjacent to the site. The lower Shawsheen River bisects the former Reichhold property 
between Parcels I and II and borders the FMA. There are currently no restrictions to 
recreational access on the Shawsheen River within the vicinity of the Reichhold facility. 
Some of the potential recreational activities on the lower Shawsheen River include wading, 
boating and fishing. 
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An AUL has been placed for the FMA to require that appropriate precautions are 
implemented to prevent exposure to residual chemical constituents. Specifically, the AUL 
requires (among other things) that: 


e ASoil Management Plan must be developed by a Licensed Site Professional and 
implemented prior to commencement of any subsurface, utility (with the exception 
of emergency utility repairs) and/or construction activities that is likely to disturb 
surface or subsurface soils greater than four (4) inches in depth. The Soil 
Management Plan should describe appropriate soil excavation, handling, storage, 
transport, and disposal procedures and include a description of the engineering 
controls and air monitoring procedures necessary to ensure that workers and 
receptors in the vicinity are not affected by fugitive dust or particulates. On-site 
workers must be informed of the requirements of the Soil Management Plan, and the 
plan must be available on-site throughout the course of the project. 


e Applicable worker health and safety practices set forth in 29 CFR 1910, 29 CFR 1926, 
and the MCP (310 CMR 40.0018) must be followed prior to and during any 
subsurface, utility and/or construction activities likely to disturb surface or 
subsurface soils greater than four (4) inches in depth or any activity including 
removal and/or disturbance of existing pavement or soil containing residual 
constituents. A Health and Safety Plan must be prepared by a Certified Industrial 
Hygienist or other qualified individual sufficiently trained in worker health and 
safety and be implemented prior to the commencement of any activities requiring 
the plan. The plan should describe the activity and specifically identify the types of 
personal protective equipment, monitoring devices, and engineering controls 
necessary to ensure that workers are not exposed to constituents through dermal 
contact, ingestion, and/or the inhalation of particulate dusts. Workers who may 
come in contact with soil must be informed of the location of residual constituents 
and all requirements of the Health and Safety Plan. The plan must be available on- 
site throughout the course of the project. 


e Construction or renovation of buildings in the area may be conducted provided that 
slab-on-grade design/ construction is utilized and includes engineered vapor 
intrusion controls, unless in the Opinion of a LSP these measures are not required to 
maintain a condition of No Significant Risk. 


Attachment D provides a certified copy of the AUL recorded with the Essex County, 
Northern District Registry, Book 1333, Page 27 on February 4, 2012. 


5.2 Cumulative Risk to Human Health 


Over the past several years Human Health Risk Assessments (HHRAs) and Human Health 
Risk Assessment Addenda (HHRAA) have been prepared for portions of the Reichhold 
facility, supporting Partial Response Action Outcome (RAO) Statements. The following 
summarizes the HHRA’s and HHRAA’s conducted and regulatory status of each area, 
including the submittal contained herein: 
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Area HHRA and HHRA Outcome Regulatory Status 

HHRAA 

Method 
Former Method 3 No significant risk (NSR), Current document — Class A- 
Manufacturing except potential future 3 RAO (CH2M HILL, 2013) 
Area (FMA) indoor air pathway based on 

groundwater data 
Former Method 3 NSR Class A-3 RAO (CH2M HILL, 
Equalization Basin 2004b) 
Area (EBA) — 
Upland 
Former Landfill Method 3 NSR Class A-3 RAO (CH2M HILL, 
Area (LFA) 2009b) 
Former EBA— Method 2 NSR Class A-3 RAO (CH2M HILL, 
Wetland 2009a) 
Parcel Ill Method 1 NSR Class A-2 RAO (CH2M HILL, 
2004a) 














Table 5-1 provides details of exposure scenarios in various HHRAAs for each portion of the 
Reichhold site and Table 5-2 provides a summary of quantitative risk estimates. The 
estimated risks for each of the other areas (ie. with the exception of the FMA) are below 
Massachusetts Department of Environmental Protection [MADEP] cumulative risk limits 
and it was concluded that each posed “no significant risk (NSR)”. 


Section 3.5 of the MADEP guidance document (MADEP, 1995) states “RAO Statements 
submitted for a portion of a disposal site may be problematic, as the fundamental risk management 
criteria of the MCP are expressed as limits on cumulative risk (i.e., the risk to a receptor received from 
all applicable exposure pathways and all chemicals). Therefore, by breaking up a site into discrete 
areas and assessing them separately, the cumulative impact of the contamination may not be 
adequately addressed.” To address this concern and ensure cumulative risk associated with the 
former Reichhold facility, as whole, is below the Massachusetts Contingency Plan (MCP) 
cumulative risk limits (i.e., a cumulative excess lifetime cancer risk [ELCR] no greater than 
one-in-100,000 and a cumulative hazard index [HI] no greater than 1), the previous HHRAs 
and associated data were reevaluated and incorporated into the HHRAA (Attachment B). 


For a large site where portions have been evaluated separately, the evaluation of cumulative 
impacts of residual concentrations from the entire site is particularly important when 
exposure pathways for receptors and/or when the class of chemicals of concern (COCs) 
identified in an exposure medium are not similar among different portions of the site. The 
HHRA for one portion of the site would not assess cumulative risks from multiple exposure 
pathways or multiple classes of contaminants. 
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As an example, a receptor group may be exposed to groundwater in Parcel A of a site but 
the same receptor group may be exposed to soil in Parcel B of the site. The cumulative risks 
from both groundwater and soil exposures by this receptor group at the entire site (both 
Parcels A and B) could not be assessed in a HHRA for an individual portion of the site 
alone. Similarly, in the case where a class of contaminants (e.g., pesticides) detected in an 
exposure medium in Parcel A is different from the class of contaminants (e.g., metals) 
detected in the same medium in Parcel B and the same exposure pathways exist for the 
same receptor group, the cumulative risk from exposures to both classes of contaminants in 
that medium could not be evaluated in the HHRA for only Parcel A. 


5.2.1 Approach 


An evaluation of cumulative risk, across the site, including other areas previously closed 
through partial RAO was conducted. In addition, an HHRAA for the FMA alone was 
prepared (provided in Attachment B). 


First, exposure scenarios evaluated for different portions of the Reichhold site were 
compared. Second, the list of COCs identified for different portions of the site was 
evaluated to assess whether chemical classes overlap. Third, the cumulative site-wide risks 
were evaluated quantitatively for the common receptor scenarios identified for the different 
portions of the site. 


Step 1 - Evaluation of Exposure Scenarios 


Exposure media and receptor scenarios identified in the HHRAs for the separate portions of 
the site were compared in the HHRAA to see if a common receptor group was identified 
and whether the exposure pathways and media evaluated for the receptor group are the 
same. As presented in Table 5-2, the potential receptor groups identified at the Reichhold 
site are similar across different portions of the site. Since a Method 1 assessment was used 
for Parcel III, the specific receptor groups were not discussed, but the expected receptor 
groups at Parcel III are the same as those identified for other portions of the site (i.e., 
trespassers and recreators). Although trespassers were identified as potential receptors at 
the wetland portion of Parcel II, a recreational youth scenario is considered to be a 
conservative representation of this receptor type (refer to Table 5-3). 


Step 2 - Comparisons of COCs 


The COCs identified for different portions of the Reichhold site were compared to 
determine if different classes of chemicals are involved in differing areas. It was concluded 
that the COCs are similar across the site and are mostly mono-aromatic hydrocarbons, 
phenols, and metals (Tables 5-4 and 5-5). The highest number of COCs was identified at the 
FMA and the detected concentrations conservatively represent conditions present at other 
portions of the Reichhold site for most chemicals. 


A similar comparison of detected constituents was performed for groundwater. As 


presented in Table 5-6, the concentrations and list of detected constituents at the FMA 
conservatively represent the groundwater conditions at the other portions of the site. 
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Similar to the observation of soil data, monoaromatic hydrocarbons, phenols, and metals are 
the majority of constituents detected in site groundwater. 


Step 3 - Conservative Estimation of Cumulative Site-wide Risks 


To assess whether cumulative site-wide risks are below the MCP cumulative ELCR and HI 
limits, the site-wide risks were estimated for the four potential receptors commonly 
identified at the separate portions of the Reichhold site (industrial worker, adult recreator, 
youth recreator, and construction worker). The following exposure and toxicity information 
were used to conservatively estimate cumulative site-wide risks: 


e Exposure Point Concentrations (EPCs) - The maximum EPCs used in the five 
HHRAs were used as a conservative estimation of site-wide EPCs (Tables 5-4 and 5- 
5). Based on the knowledge of historical site uses and remediation conducted, it was 
thought that potential exposures at the FMA may conservatively represent potential 
exposures at the different portions of the Reichhold site (i.e., the former LFA, the 
former EBA, and Parcel III). Tables 5-4 and 5-5 suggest the FMA data provide a 
conservative representation for most COCs and even when the EPCs at other portion 
of the site are greater than those at the FMA, the differences were insignificant. 


e Toxicity values - The toxicity values identified in the FMA HHRAA were used for 
the site-wide risk estimates (Exhibits 3-1 through 3-4 of the HHRAA in Attachment 
B). Four additional chemicals (2-methylphenol, 4,6-dinitro-2-methylphenol, 
chloromethane, and trichlorofluoromethane) were identified as COCs in the other 
portions of the site. Therefore, quantitative toxicity values were identified for these 
four chemicals using the same toxicity information sources (MADEP numerical 
standard spreadsheets, the United States Environmental Protection Agency’s 
[USEPA] Integrated Risk Information System [IRIS], and USEPA’s Provisional Peer- 
Reviewed Toxicity Values [PPRTVs]), and order of preference are discussed in 
Section 4 of the FMA HHRAA report in Attachment B. The toxicity values for these 
additional chemicals are presented in Attachment C, Tables C-1-1 through C-1-4. 


e Exposure Factors - The exposure factors identified in the HHRAA were used for the 
four receptor scenarios identified above (please refer to Exhibit 4-1 of the HHRAA 
provided in Attachment B). Calculation of volatilization factors is provided in Table 
C-2-1 in Attachment C. 


5.2.2 Results of Cumulative Site-wide Risk Estimates 


The ELCR and HI estimates associated with potential site-wide exposures to COCs are 
summarized below. Detailed calculations for site-wide soil are provided in Attachment C, 
Tables C-3-1 through C-3-6. The potential ELCRs and HIs estimated for all other media (i.e., 
groundwater, indoor air, demolished concrete, sediment, surface water, and fish) were 
obtained from the HHRAA in Attachment B. A summary of the ELCRs and Hs is 
presented in Table 5-7 and provided below. With the exception of the indoor air pathway 
under a future scenario, risk and HI estimates are within the MCP limits of 1E-05 for ELCR 
and HI of 1 for non-cancer effects, see below: 
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e Current industrial worker (soil at FMA and indoor air) - ELCR = 4E-09 and HI = 
0.006 for soil; HI = 0.000002 for indoor air. 


e Current/future river recreational user (sediment, surface water, and fish) - HI = 0.2 
(adult) and 0.3 (youth) for all media. 


e Future industrial worker (site-wide soil; demolished concrete; indoor air) - ELCR = 
2E-07 and HI = 0.04 for site-wide soil; ELCR = 7E-10 and HI = 0.006 for demolished 
concrete; ELCR = 8E-06 and HI = 13 for indoor air, primarily associated with 1,2,4- 
trimethylbenzene and m/ p-xylene. 


e Future construction worker (site-wide soil; demolished concrete; groundwater) - 
ELCR = 1E-07 and HI = 0.2 for site-wide soil; ELCR = 1E-10 and HI = 0.04 for 
demolished concrete; ELCR = 5E-08 and HI = 0.1 for groundwater. 


e Future onsite recreational user (site-wide soil; demolished concrete; indoor air) - 
ELCR = 6E-08 (adult) and 2E-08 (youth), and HI = 0.01 (adult) and 0.02 (youth) for 
site-wide soil; ELCR = 2E-10 (adult) and 6E-11 (youth), HI = 0.002 (adult) and 0.004 
(youth) for demolished concrete; ELCR = 8E-06 and HI = 13 for indoor air (risk 
estimates for future industrial workers were used to conservatively represent risks 
for future onsite recreational adults and youth). 


In summary, cumulative (site-wide) soil and groundwater exposures are within MCP limits 
for a condition of NSR. The only potential exposure scenario exceeding MCP limits for NSR 
is inhalation of indoor air in future buildings constructed in the FMA. Cumulative (site- 
wide) exposures to indoor air were not evaluated due to the existing activity and use 
limitations (AULs) for the former EBA and former LFA, whereby no structures will be 
constructed and no uncontrolled invasive activities will be conducted in the future except 
under the supervision of a Massachusetts-registered Licensed Site Professional (LSP). Based 
on the risk estimates, the AUL for the FMA includes a term including that no structures will 
be constructed in the future at the FMA except under the supervision of a Massachusetts- 
registered LSP. The LSP would review future construction activities and require 
engineering controls or other remedial actions as necessary, to maintain a condition of NSR, 
including (as appropriate) use of engineered vapor controls. 


5.3 Risk to Public Safety Update 


According to the 310 CMR 40.0960, a level of NSR to safety exists if the conditions at the site 
do not currently (and will not in the foreseeable future) pose a threat of physical harm or 
bodily injury to people. Such conditions include, but are not limited to the following: 


e The presence of rusted or corroded drums or containers, open pits, lagoons, or other 
dangerous structures 


e Any threat of fire or explosion, including the presence of explosive vapors resulting 
from a release of oil and/or hazardous material 


e Any uncontained materials which exhibit the characteristics of corrosivity, reactivity, or 
flammability described at 310 CMR 40.0347 
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Portions of the FMA are currently used as an equipment lay-down area. Access to the FMA 
is restricted by a 8-foot tall chain-link fence topped with barbed wire. Since the site is 
fenced and there are no site features expected to attract trespassers, the likelihood of 
trespassers is not significant. 


Based on current information and observations, there are no known rusted or corroded 
drums or containers, USTs, or fuel tanks at the site as these types of items have been 
addressed by past demolition and removal actions. Site data indicates that none of the 
VOCs are present at concentrations expected to produce an ignition or explosion threat, nor 
do they exhibit characteristics of corrosivity, reactivity, or flammability. Therefore, a 
condition of NSR of harm to safety exists at the site. Reasonably foreseeable future use is 
expected to involve filling and grading to support development of recreational facilities 
ensuring no significant future risk of harm to safety. 


5.4 Risk to Public Welfare Update 


According to 310 CMR 40.994, risk to public welfare for current and reasonably foreseeable 
site activities and uses is characterized to identify and evaluate nuisance conditions and 
significant community effects that may be associated with residual contamination or a 
proposed remedial alternative. This evaluation may involve nuisance conditions such as 
odors and aesthetics; loss of property value, loss of property use, and other monetary or 
non-monetary effects not otherwise considered under characterization of risk of harm to 
health, safety, and the environment but which may accrue due to the degradation of public 
resources directly attributable to the release or threat of release of OHM. The risk of harm to 
public welfare is characterized by comparing the concentration of OHM to the UCL in soil 
and groundwater. 


A level of NSR of harm to public welfare has been achieved for current and reasonably 
foreseeable future conditions if: 


e The breathing zone of ambient and indoor air remain free of persistent or noxious 
odors and accessible drinking water remains free of noxious odors or taste; 

e Livestock will remain free from harmful effects; 

e Nocommunity experiences significant adverse impacts involving monetary and 
non-monetary factors as identified in 310 CMR 0994(2); and 

e The requirements of 310 CMR 40.0996 concerning UCLs for soil and groundwater are 
met. 


Since the manufacturing facility closed in 1990, the operations which created the primary 
source of environmental releases were discontinued. With remedial actions, contaminant 
volumes and concentrations at the site have been reduced and will continue to decline 
further. Future land use may range from open land for soccer fields or similar recreational 
uses to light commercial or industrial operations. 


There were historical complaints from the community in the late 1980s and early 1990s. 
However, these complaints ceased once Reichhold re-established ownership of the facility 
and proceeded with active remediation. The decommissioning activities that occurred at 
the FMA included building demolition, equipment and tank removal, and drum removal. 
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Extensive soils removal with off-site disposal and in situ soils/ groundwater remediation 
were also conducted. 


There are currently no restrictions for recreational activities at the Shawsheen River within 
the vicinity of the site. Fish consumption advisories have been issued by MADEP for the 
Shawsheen River within the vicinity of Andover, Massachusetts. The fish consumption 
advisories have been issued due to the concern that mercury concentrations in fish may 
pose an unacceptable human health risk (Massachusetts Department of Public Health, 2007). 
The mercury detected in the Shawsheen River is believed to be related primarily to other 
anthropogenic sources, including atmospheric fall-out from up-wind coal-fired power 
plants, documented to have impacted other surface water in Massachusetts and not historic 
activities that occurred at the FMA or the Reichhold site, generally. 


No nuisance conditions are expected in ambient or indoor air. Site groundwater is not a 
source of drinking water. There are no livestock in the immediate vicinity of the site, and 
site soil concentrations are below MADEP target risk levels based on industrial and 
recreational land use scenarios. No significant adverse impacts are expected in the adjacent 
communities. All EPCs calculated for the COCs in groundwater and soil were below the 
MADEP’s UCLs presented in the MCP Numerical Standards Spreadsheets (MADEP, 2009). 


Based on the above information, it is concluded that no significant risk of harm to public 
welfare exists under current and reasonably foreseeable future conditions. 


5.5 Environmental Risk Characterization Update 


Characterization of risk of harm to the environment for current and reasonably foreseeable 
site activities and uses involves assessment of chemical data, migration pathways, and biota 
and habitats in the vicinity of the disposal site (310 CMR 40.0995). The characterization may 
consist of two stages, Stage I environmental screening and Stage II environmental risk 
characterization. Stage I screening, at a minimum, is conducted for all disposal sites 
evaluated under Method 3 risk characterization. Stage I screening is intended if pathways 
are complete and warrant a detailed environmental risk characterization (Stage I). 


In accordance with 310 CMR 40.0995(3)(a)(2), if no current or future exposure is identified, 
then a condition of NSR of harm to site biota and habitats may be concluded and a Stage II 
characterization is not required. Also, if exposure pathways are complete and harm is 
readily apparent, a Stage II characterization may be redundant and not necessary. Actions 
would need to be initiated to reach a condition of “no significant risk of harm” before a 
permanent RAO could be reached. Typically a Stage II environmental risk characterization 
is conducted for situations involving potentially significant exposures for which it is unclear 
if a condition of significant risk of harm exists (310 CMR 40.0995 (2)) and detailed evaluation 
is needed. Environmental receptors to be considered include biota, habitats, wetlands, and 
sensitive species that would likely be exposed to OHM. 


A full Stage II environmental risk characterization was conducted during the Phase IIT CSA 
(CH2M HILL, 1997). Areas were identified to be at risk of environmental harm indicating a 
Stage II should be conducted; however, further analysis during the Stage II indicated they 
did not represent risk of environmental harm. The site-specific risk analysis included the 
Shawsheen River, Oxbow wetland (downstream), and upland forest area across the river 
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from the FMA. One isolated area of potential risk of harm was identified adjacent to a 
storm-water outfall related to one sediment sample; however, it was concluded that the area 
was small and does not affect the river’s benthic ecosystem. In 2000 surface water sampling 
was conducted upstream and adjacent to the FMA (CH2M HILL, 2001). No VOCs were 
detected in either sample. A low concentration of total phenol was detected in the sample 
adjacent to the FMA but it was concluded that it doesn’t pose a significant risk of harm or 
widespread impact to the river. These sampling stations were sampled again during 2001 
and no VOC or total phenol was detected at either location (CH2M HILL, 2002). 
Recommendations were made to confirm these results with sampling at the same stations in 
2002. The results from 2002 sampling confirmed no detection of VOCs or phenol (CH2M 
HILL, 2003) suggesting the site is not adversely impacting Shawsheen River water quality. 
Sampling conducted in 2003 confirmed 2001 and 2002 results (CH2M HILL, 2004a). 
Groundwater became the focus of monitoring for the FMA in subsequent years. 


In June 2007, additional sediment and surface water sampling was conducted at three 
stations to support risk assessment (CH2M HILL, 2008a). A background sample location 
was established upstream (SW1/SD1-UPST) and two locations were established adjacent to 
the FMA (SW2/SED2-CH12 and SW3/SED3-CH13). These two locations were positioned 
down gradient from monitoring wells CHMW-12 and CHMW-13 where shallow 
groundwater from the vicinity of these monitoring wells would be expected to discharge to 
surface water (CH2M HILL, 2008a). These two monitoring wells have been key locations 
over time for monitoring progress of intrinsic bioremediation of groundwater, particularly 
for xylene and ethylbenzene, following remediation involving soils removals and 

soils/ groundwater treatments with ORC®, EHC®, and sodium persulfate, all of which were 
completed by June, 2006 (refer to Section 3 for a remediation summary). 


Surface water samples were non-detect for VOCs, individual phenols, EPH, and VPH 
fractions, except for a p/m xylene detect at SW2-CH12 at 1.1 ug/L. Sediment samples 
collected at the SED2-CH12 and SED3-CH13 locations did detect a variety of VOCs, 
including ethylbenzene, o-xylene, and p/m-xylene. SVOCs were non-detect except 
fluoranthene at SED2-CH12. EPH fractions were non-detect in all samples and VPH 
fractions were only detected at SED2-CH12. Additional sediment sampling was 
recommended for future OMM events along with continued groundwater monitoring 
semiannually to continue to assess the enhanced intrinsic bioremediation from the 
application of oxidizing compounds (CH2M HILL, 2008a). Groundwater monitoring 
continued from the second half of 2007 through 2010 at seven (7) key wells, documenting 
continuing downward trends in VOC constituents at the FMA. Ethylbenzene dropped 
below the Method 1 GW-3 standard of 5000 ug/L, protective of surface water, at its last 
location (CHMW-13) following the October, 2009 sampling event and all monitoring wells 
have remained below the standard since that time. All monitoring wells, including CHMW- 
12, dropped below the Method 1 GW-3 standard for total xylenes (mixed isomers) following 
the May, 2007 sampling event. A recommendation to discontinue individual phenol 
analysis during OMM events was made following the January-June, 2009 OMM report 
(CH2M HILL, 2009f) due to non-detects for individual phenols at all locations with the 
exception of 2,4 dimethylphenol which was detected at 17 ug/L or less at two locations. The 
Method 1 GW-3 standard for this constituent is 50,000 pg/L. 
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During 2011, the surface water/sediment sampling locations from 2007 were revisited for 
the collection of pore-water with passive diffusion bag (PDB) samplers. Pore-water was 
collected to further evaluate intrinsic remediation and potential impacts to benthic habitat 
along the Shawsheen River, where potentially impacted FMA groundwater is discharging. 
These results are discussed in the July-December, 2011 OMM report (CH2M HILL, 2012) 
and summarized are below. 


Table 5-8 provides a summary of PDB sampling results from groundwater (pore-water) six 
inches beneath the streambed of the Shawsheen River adjacent to the FMA. The first event 
in June, 2011 evaluated pore-water at the same locations where sediment and surface water 
samples had been collected in 2007 (CH2M HILL, 2008a). These results confirm impacts to 
benthic sediments in the vicinity of SEDPDB-2 identified in the 2007. The second event from 
November, 2011 provides further delineation of the area around SEDPDB-2 and evaluates 
an approximately 560 square foot area in the vicinity. This includes pore-water near the 
bank and 10 feet offshore along a reach of the river including area both upstream and 
downstream of SEDPDB-2 and measuring 56 feet in length. Exhibit 3-6 depicts the locations 
of these monitoring points. 


All results at SEDPDB-1 were non-detect (ND) for VOCs. Low concentrations of 
chlorobenzene; 1,4 dichlorobenzene; and isopropylbenzene, were detected at SEDPDB-3 
below both the “lowest ecologically-based criteria” (described in Table 5-8) and Method 1 
GW-3 values. At SEDPDB-2, downstream, pore-water results indicated impact by site- 
related contaminants. These results were consistent with the findings of sediment/ surface 
water sampling conducted at this location in 2007 (CH2M HILL, 2008). Xylene (mixed 
isomers) was detected at 7064 ug/L, the only constituent greater than the Method 1 GW-3 
standard (5,000 ug/L for xylene - mixed isomers). Ethylbenzene at 1430 ug/L exceeded the 
“lowest ecologically-based criteria” used in the development of the Method 1 GW-3 
standards but not the standard itself which accounts for both attenuation in groundwater 
and dilution in surface water. 


A second pore-water sampling event was conducted in November, 2011, providing further 
characterization of pore-water in the vicinity of SED-PDB-2. SED-PDB-UGI (10 feet 
upstream) and SED-PDB-CG (10 feet offshore) were both non-detect for VOCs. SED-PDB-2 
contained similar VOCs to the July event but at lower concentrations, none exceeding either 
the Method 1 GW-3 values or “lowest ecologically-based criteria”. SED-PDB-DG-1, 20 feet 
downstream had concentrations similar to SED-PDB-2 in July with xylene (mixed isomers) 
at a concentration of 7170 g/L, the only constituent detected at a value greater than the 
Method 1 GW-3 standard. Ethylbenzene at a concentration of 1310 ug/L exceeds the 
“lowest ecologically-based criteria” used to derive the Method 1 GW-3 standard but not the 
standard itself. A sample collected 45 feet downstream of SED-PDB-2 was non-detect for 
most VOCs and had very low concentrations of xylene (mixed isomers) and ethylbenzene at 
24 we /L and 3.7 ug/L, respectively. Both of these values are well below the “lowest 
ecologically-based criteria” and Method 1 GW-3 standards. 


This pore-water monitoring work suggests a defined zone where impacted groundwater 
from the FMA is discharging. Concentrations of xylene (mixed isomers) and ethylbenzene 
detected in pore-water monitoring are comparable to those observed in FMA monitoring 
wells CHMW-12 and GP-06 in 2007 following initial ISCO treatment. Xylene (mixed 
isomers) is the only constituent exceeding the Method 1 GW-3 standard of 5000 pg/L at 
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SEDPDB-2 with a concentration of 7064 ug/L observed in July and at SED-PDB-DG1 witha 
concentration of 7170 ug/L observed in November. Groundwater concentrations of xylene 
(mixed isomers) and ethylbenzene have been declining over the past several years at the 
FMA. Consequently, it is expected that pore-water values in proximity to the Shawsheen 
River will also decline in future years as natural attenuation processes and natural 
restoration continue. 


In November 2011, pore-water was monitored over an area measuring 10 feet across by 56 
feet long in proximity to SED-PDB-2. The data suggest that groundwater discharge occurs 
in shallow water adjacent to the stream bank. A sampler was installed 10 feet offshore from 
SED-PDB-2 to evaluate potential discharge in deeper water. The results were non-detect for 
VOCs. Due to deep river cross-sections along this reach, samplers could not be installed 10 
feet off-shore opposite each of the shallow locations, as had been planned. However, it is 
expected that most groundwater to surface water flux occurs in close proximity to the 
shoreline because of the shallow depth of groundwater. It is expected that the relationship 
between SED-PDB-2 and SED-PDB-CG (10 feet offshore) is the case at the other locations 
along the shoreline (ie. the offshore location would be expected to be ND). 


Higher static water in the Shawsheen in November compared with July likely causes the 
observed shift in groundwater discharge downstream. This is indicated by the contaminant 
fingerprint detected for SED-PDB-DG1 when compared with data from the SEDPDB-2 
location in July. SED-PDB-UGI1 (upstream) and SED-PDB-DG2 (downstream) bracket the 
area of discharge of impacted groundwater. If it is conservatively assumed that discharge of 
impacted groundwater extends the full length and width of the monitored reach, then an 
approximately 560 square foot area is potentially receiving impacted groundwater (see 
Exhibit 3-6). 


In accordance with MADEP technical guidance for ecological risk assessment entitled, Area- 
Based Screening for Sediment Contamination (MADEP, 2006), this area of porewater and 
associated sediment/ benthic impact may be eliminated from an ecological risk assessment if 
the area is less than 1000 square feet, it does not extend more than 50% of the width of the 
river, and does not extend more than 500 lineal feet along the length of the river. As stated 
in the guidance, “DEP recommends area-based screening of sites with sediment 
contamination so that sites with a small area of sediment contamination that is unlikely to 
pose a significant risk of harm to the environment are eliminated from the risk assessment 
(MADEP, 2006)”. Xylene, ethylbenzene, and the other site-related VOC's tend to degrade 
readily under aerobic conditions expected with groundwater discharge to surface water. 


Since bioaccumulation and persistence is unlikely to occur for these volatile compounds, 
and, considering the small area of impact, significant risk of harm to higher trophic level 
receptors is similarly unlikely. There are also no known species of special concern, 
threatened, or endangered species (310 40.0922(3)) identified by MassGIS along the 
Shawsheen River near the FMA. In accordance with 310 CMR 40.0995, the FMA is 
determined to have no significant risk of harm to biota or habitats and further Stage II 
evaluation based on new data since the Phase II CSA (CH2M HILL, 1997) is not necessary. 
VOC impacts that are localized along the Shawsheen are expected to diminish over time as 
intrinsic bioremediation of groundwater continues. Based on the data and evaluation 
discussed above, it is concluded that a condition of no significant risk of harm to the 
environment is established for the sediment contamination associated with the site. 
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6.0 Feasibility of Achieving Background - 
Former Manufacturing Area (FMA) 


In accordance with 310 CMR 40.0860, the feasibility of achieving or approaching 
background levels of OHM shall be evaluated for all disposal sites where remedial actions 
have been undertaken to achieve a Class A RAO. For the FMA, the feasibility of achieving 
background was evaluated in accordance with MADEP Policy #WSC-04-160, Conducting 
Feasibility Evaluations under the MCP (MADEP, 2004). 


The primary COCs associated with the former industrial operations at the FMA have been 
ethylbenzene, xylenes (mixed isomers), chlorobenzene, and other related VOCs in soil and 
groundwater. These constituents have been degrading through enhanced intrinsic 
bioremediation following response actions involving soil (source) removals and ORC®, 
EHC®, and ISCO (alkaline-activated sodium persulfate) in-situ treatments of soil and 
groundwater. For non-persistent contaminants such as the residual VOCs present at the 
FMA, the policy states that achieving or approaching background may be deemed 
infeasible. Essentially, the benefits of additional remedial actions to achieve or approach 
background may not be justified for residual contaminants that degrade well through 
natural processes. Therefore, non-persistent contaminants may be eliminated from the 
feasibility evaluation. 


Data utilized in the HHRAA were evaluated to assess the feasibility of achieving or 
approaching background for persistent contaminants. Comparing maximum values for 
COCs in groundwater, provided in Exhibit 2-5 of the HHRAA (Attachment B), against 
Method 1 GW-3 Standards indicates that all groundwater COCs, both persistent and non- 
persistent, are less than half the standard, with the exception ethylbenzene, xylenes (mixed 
isomers), and chlorobenzene. These three non-persistent constituents may be eliminated 
from the feasibility evaluation as indicated above. In accordance with MADEP Policy 
#WSC-04-160 (MADEP, 2004), background for the persistent contaminants is considered to 
be “approached” for groundwater at the FMA since concentrations of each persistent 
contaminant at each exposure point are below ¥2 the applicable Method 1 groundwater 
standards as specified in 310 CMR 40.0900. 


Portions of the FMA are currently leased by a crane and rigging company for equipment 
storage and lay-down. Workers and a site security guard may be present on an intermittent 
basis. Therefore, FMA site soils are considered category S-2 (adult receptors present, low- 
to-high frequency, low intensity of use, and accessible). Under potential future 
industrial/commercial site use, FMA soils are considered category S-2 (adult receptors 
present, high frequency, low intensity exposure, and accessible). The HHRAA (Attachment 
B) conservatively considers site surface soils under potential future recreational use, to be 
category S-1 (potential child receptors present, high frequency, high intensity exposure, and 
accessible). This is considered a conservative assumption since recreational redevelopment 
of the property to high frequency, high intensity uses would likely require considerable 
additional clean fill cover to bring the FMA grades to similar elevations as adjoining areas. 
Currently accessible surficial soils would become inaccessible. 
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As part of the background feasibility evaluation for soil, HHRAA maximum concentration 
data for the 0-2 foot interval, summarized in Attachment B, Exhibit 2-1, were screened 
against Method 1 S-1/GW-3 soil standards according to Policy #WSC-04-160, Section 9.3.3.2. 
The concentrations of all COCs were below Method 1 S-1/GW-3 standards, with the 
exception of a slight exceedence of the 2 mg/kg standard for cadmium involving a 
maximum value of 5.5 mg/kg. Cadmium has a high frequency of detection in soil samples 
across the FMA, along with other metals. They are all at concentrations below S-1 standards 
for surficial soils and have not been attributed to the former production process involving 
phenolic compounds or urea formaldehyde resins. Being ubiquitous and consistently 
present across the FMA and not likely related to past process but rather more likely building 
products (e.g. paints) near point of application, they represent background conditions. 


In accordance with 310 CMR 40.0860, the incremental cost of conducting additional 
remedial action to further remediate soil is expected to be disproportionate to the 
incremental benefit of risk reduction or environmental restoration. In addition, if the goal 
were to reduce metals in accessible soils below Method 1 S-1 standards, the area and extent 
of excavation would likely involve the whole 10.6 +/- acres of the FMA, having potential 
adverse affects on the wetland and wildlife habitat along the Shawsheen River. The costs to 
remove the soils and backfill over such a large area, if appropriate from an environmental 
protection standpoint, are expected to be greater than 20% of the remediation costs 
expended to date for the FMA to achieve NSR. Therefore, additional soil removal is deemed 
infeasible. 
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LEGAL DESCRIPTION 


AUL — FORMER MANUFACTURING AREA 


A parcel of lond located on the north side of Lowell Junction Ri beginning at the 
southwest corner, at a point on the north sideline of Lowell Junc’ Road, at land of 
Genetics institute, inc., running: 


N 19° 50° 50” w 425.53 diong land of Genetics institute, inc., to it on 
the South bank ‘of the Showaheen River, thence 

Easterly 1053'+ along the south bonk of the Shawsheen River to 
Qo pant at the lond of Mossochusetts Bay 
Transportation Authority, thence 

S 64 40° 20° E 135.84' dong lond at tre tlossachusstte Bey 
roneporte ion Authority to o a 
AUL Area B, thence . 

S 06° 41° 53° W 492.44 aiong AUL Area B to a point on Lowell Junction 
Road, thence along a curve to the left along 
Lowell Junction Rood 

R=4025.00° L=340.12" to a point, thence along Lowell Junction Rood 

S 69° 44° 22" W 209.00" to a point, thence along Lowell Junction Rood 

S 69° 20° 12" W 335.36" to a point, thence along Lowell: Junction Rood 

S 70° 35’ 04" w 42.60" to a point ot land of Genetics institute, inc. 


said point being the point of beginning. 


Said parcel conteins 463,543 squore feet or 10.6415 ocres of lond oreo ond is shown os 
AUL-FORMER MANUFACTURING AREA on PLAN OF AUL-FORMER MANUFACTURING AREA in Andover, 
Massachusetts prepored for Reichhold Chemicals, inc. Dote December 4, 2012 

Scale 1"=100" by Merrimack Engineering Services, Inc., 66 Park Street, 

Andover, MA 01810. 


EXISTING GRAVEL ROAD BEING THE RIGHT 
OF WAY IN DEED BOOK 1028 PAGE 231 


26° WIDE ACCESS EASEMENT SHOWN ON 
PLAN BY OAK ENGINEERS DATED 1/20/06 


TIE LINE ONLY NOT PROPERTY LINE 


=31,796 S.F. 
=0.7299 AC. 







=3.2527 AC. SS 


SEE ENDRD 5 
PLAN #16085 


1, SEE PLANS RECORDED IN E.N.D.R.D. AS 
#7151, 11448, 2800, 13859, 15315, & 15316 
AND DEED BOOK 4609 PAGE 63 PARCEL 4 FOR SITE. 


2. SEE TOWN OF ANDOVER ASSESSORS MAP 159 LOTS #1—#4. 


3. SEE PLAN #14964 ESSEX NORTH DISTRICT REGISTRY 
OF DEEDS FOR THIS SITE. 


4. AUL AREAS DESCRIBED IN CONFIRMATORY AMENDMENT TO 
NOTICE OF ACTIVITY AND USE LIMITATION — PARCEL | 
FORMER LANDFILL AREA BOOK 11552 PAGE 129 THROUGH 156; 
SEE PLAN #16085. 





FOR REGISTRY USE 


N/F 
REICHHOLD CHEMICALS, INC 


"| HEREBY CERTIFY THAT THE PROPERTY LINES 

SHOWN ON THIS PLAN ARE THE LINES DIVIDING 
EXISTING OWNERSHIPS, AND THE LINES OF THE 
STREETS AND WAYS SHOWN ARE THOSE OF PUBLIC 

OR PRIVATE STREETS OR WAYS ALREADY 

ESTABLISHED, AND THAT NO NEW LINES FOR 

DIVISION OF EXISTING OWNERSHIP OR FOR NEW 

WAYS ARE SHOWN AND THIS PLAN CONFORMS TO THE 
RULES AND REGULATIONS OF THE REGISTRY OF DEEDS.” 


12/17/12 
OATE 
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Table 3-1 

Summary of Water Quality Parameters and Contaminants of Concern -- Pre- and Post-ISCO 
Former Manufacturing Area 

Reichhold, Inc., Andover, Massachusetts 


CHMW-12 CHMW-13 GM-2 


Criteria|Criteria] Jul-05 Dec-05 Jul-06 Dec-06 May-07 Oct-07} Jul-06 Dec-06 May-07 Jun-08 Sep-08 Jun-09 Oct-09 Aug-10 Dec-10 Jun-11 Oct-11 Dec-06 May-07 Oct-07 Sep-08 Jun-09 Oct-09 Aug-10 Dec-10 Jun-11 Jul-05 Dec-05 Jul-06 Dec-06 May-07 Oct-07 Jun-08 Sep-08 Jun-09 Oct-09 Aug-10 Dec-10 Jun-11 
Relative Location to Persulfate Injection Line ~ 35-ft Northwest of Injection Line ~63-ft Southeast of Injection Line 








Water Quality Parameters 

pH NA NA 4.94 6.50 5.27 6.98 4.47 4.67 4.41 6.96 6.46 6.48 6.92 6.71 6.44 6.76 5 7.19 7.09 7.05 7.03 6.94 6.62 6.87 z 6.33 6.94 1.23 7.05 7.00 6.91 6.93 6.5 6.84 
Specific Conductivity (mS/cm) NA NA 0 0.381 0.409 0.711 7.07 4.68 0.655 0.54 0.497 0.409 0.697 0.475 0.671 0.555 0.653 0.405 0.297. 0.429 0.740 0.626 0.376 0.291 0.603 0.444 0.407 0.376 0.345 0467 0.567 0.456 
[Temperature (C) NA NA 13.99 12.81 11.63 16.65 | 14.71 13.65 10.04 11.67 16.38 12.28 14.28 16.2 14.73 13.31 18.90 19.44 14.75 1418 15.82 12.39 14.95 10.52 19.73 13.59 19.82 1456 16.38 20.29 14.78 15.15 
Redox (mV) NA NA 374.3 -114.0 228.1 -121.5 | 70.1 136 443 -72 -119.8 -162.4  -84.5 -65.1 -57.3 -121.9 -123.2 -102.1 -168.5  -112.0  -100.1 -83.8  -131.6 -68.5 -140.6 -90.0 -102.2 -137.2  -93.0 -87.0 -31.7 -75.2 
Dissolved Oxygen (mg/L) NA NA 3.16 0.00 0.25 0.74 2.71 NA 0.16 1.08 0.17 1.01 0.18 0.60 0.39 0.31 0.94 -0.10 0.79 0.08 0.70 0.26 0.56 1.68 1.02 1.05 0.34 0.42 0.07 0.75 0.18 0.24 
Volatile Organic Compounds (ug/L) 

Benzene 2000 | 10000 1.4 ND 1.4 ND ND 0.6J ND ND ND ND ND ND 0.5 ND ND ND ND ND 8 ND 0.5 UJ ND 26 ND ND ND ND ND ND ND ND ND ND ND 

n-Butylbenzene NA NA 18 ND 19 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 3.8 ND ND ND ND ND ND ND ND ND ND ND 

(Chlorobenzene 200 1000 11 21 12 ND ND 1.8 ND ND ND 1.8 ND ND 2.3 ND ND ND (<250) ND 72 ND 86 50 ND 38 : i .! 2.8 3 4 3.8 3.8 44 4.2 1.9 3.3 

(Chloromethane NA NA ND ND ND 18 ND ND ND ND ND 1A ND ND ND ND ND ND ND ND ND ND ND 33 ND ND ND ND ND ND ND ND ND ND 

Ethylbenzene 20000 | 5000 ND ND 0.7 2060 863 231 84 37 176 22000 32000 44000 19100 21900 25700 15700 7470 : ND ND ND ND ND ND ND ND ND 

lsopropylbenzene NA NA 34 39 36 24 21 23 24 8.9 26 19 25 ND ND ND ND 27 37 22 15 29 26 10 11 ND ND ND ND ND ND ND ND ND 

in-Propylbenzene NA NA 34 39 34 20 17 22 23 5.4 15 12 18 ND ND ND ND 10 16 9.4 5.4 11 16 3.4 : ND ND ND ND ND ND ND ND ND 

1,2,4-Trimethylbenzene NA NA 89 ND ND ND ND 82 ND 96 53 32 17 ND ND ND ND ND ND ND ND ND 

1,3,5-Trimethylbenzene NA NA ND ND ND 43 89 96 41 66 26 46 ND ND ND ND 5.4 15 8.6 3.2 5.3 ND ND ND i ND ND ND ND ND ND ND ND ND 

Total Xylenes (mixed isomers) 9000 5000 ND ND 0.6 ND ND ND (<1000) ND 144 122 77.2 30.3 ND ND 10 : ND ND ND ND ND ND ND ND 1.5 





















































Geochemical Parameter for Distribution (mg/L) 
Sulfate, using EPA 300.0 ND ND NA ND 22 36 5.7 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 





GM-6S GP-03 GP-05 GP-06 GP-07 


Criteria|Criteria] Dec-05 Jul-06 Oct-06 Dec-06 May-07 Oct-07 Jun-08 Sep-08 Jun-09 Oct-09 Aug-10 Dec-10 Mar-06 Oct-06 Dec-06 May-07 Oct-07 Mar-06 Oct-06 Dec-06  May-07} Mar-06 Jul-06 Oct-06 Dec-06 May-07 Jun-08 Sep-08 Jun-09 Oct-09 Aug-10 Dec-10 Jun-11 Oct-11 Jul-06 Oct-06 Dec-06 May-07 
Relative Location to Persulfate Injection Line ~ 30-ft North of Injection Line ~ 4-ft SE of Injection Line ~ 28-ft Southeast of Injection Line ~ 26-ft East of Injection Line On Injection Line 








Water Quality Parameters 

pH 5.31 6.77 5.12 6.58 6.95 6.71 6.72 6.49 6.57 6.33 5.92 6.65 6.73 NA 6.17 7.05 7.14 6.91 6.79 7.18 6.68 6.94 6.66 6.8 6.51 6.78 NA 6.7 6.7 6.88 7.13 
Specific Conductivity (mS/cm) 0.001 1.35 0.455 1.011 0543 0.662 0.495 0643 0.577 0.734 0.605 0.456 0.501 NA 0.661 0.354 0.267 i 0.401 0.283 0.559 0.577 0.504 0.586 0.514 0.628 0.525 NA 1.343 0.712 0.388 0.275 
[Temperature (C) : 23.51 11.10 10.38 1680 11.83 17.12 1283 14.95 15.84 14.17 16.95 13.59 10.55 NA 18.25 8.79 9.9 10.87 9.41 12.55 16.81 13.73 14.53 17.07 12.41 13.79 NA 18.14 19.04 11.20 9.76 
Redox (mV) -98 -133 -69 -94.2 -63.4 -81.3 -174.6  -48.2 -41.2 -31.7 77 -97 -100.3 NA 72 -306 -188 -134 -143 -90.2 -111.3 -143.5  -73.1 -69.2 -70.5 -92.5 NA 117.8 64 -314 -205 
Dissolved Oxygen (mg/L) 7.80 NA 0.44 1.20 1.02 1.44 2.07 2.12 1.37 1.4 0.24 0 2.23 NA 0.38 0.00 1.89 1.2 NA 1.86 1.02 1.37 1.13 1.08 0.71 1.31 1.17 NA 0.27 2.23 NA 1.47 
Volatile Organic Compounds (ug/L) 

Benzene ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0.5 ND ND ND 1.8 ND ND ND ND ND ND ND ND ND ND ND ND 
n-Butylbenzene ND ND 1.2 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 11 
(Chlorobenzene ND 7.5 8.4 28 10 19 10 18 1 12 . ! ND ND f ND ND ND 0.6 ND ND ND 1.8 ND ND ND ND ND ND ND ND ND ND ND ND 
(Chloromethane ND ND ND ND ND ND ND ND ND ND ND ND ND (<500) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND (<250) ND ND ND ND 
Ethylbenzene 32 34 ND 19 : 11000 610 1090 736 730 4100 49 67 
lsopropylbenzene ND 39 53 64 46 56 43 53 45 51 ND 35 ND ND ND 3.6 120 ND 79 75 63 68 7A 64 56 38 46 ND ND 4.9 8.1 10 
In-Propylbenzene ND ND 5.8 8 6 7.3 5.1 6.6 4.9 5.3 : c 44 58 ND ND ND 1.7 140 ND 68 86 92 90 51 55 ND ND 4.4 5.6 7.2 
1,2,4-Trimethylbenzene ND 65 78 15: 77 97 77 74 ND 62 42 4900 1700 ND ND 61 58 83 
1,3,5-Trimethylbenzene ND 36 44 70 40 63 39 47 32 20 ND 16 12 1600 ND ND ND ND ND 8.5 
Total Xylenes (mixed isomers) 1895 1537 3760 2910 11500 19490 

Geochemical Parameter for Distribution (mg/L) 

Sulfate, using EPA 300.0 NA NA NA NA 260 NA NA 
























































GP-08 GP-09 GP-11 GP-16 GP-17 
Criteria| Criteria] Mar-06 Oct-06 Dec-06 May-07} Mar-06 Jul-06 Dec-06 May-07| Mar-06 Dec-06 May-07 Oct-07 Jun-08 Sep-08 Jun-09 Oct-09 Aug-10 Dec-10 Jun-11 Oct-11 Mar-06 Dec-06 May-07 Oct-07 Jun-08 Sep-08 Jun-09 Oct-09 Aug-10 Dec-10 Jun-11 Oct-11]| Jul-06 Oct-06 Dec-06 May-07 Jul-06 Oct-06 Dec-06 May-07 
Relative Location to Persulfate Injection Line Injection Point ~ 41-ft Northeast of Injection Line ~ 46-ft Northeast of Injection line ~ 62-ft Northeast of Injection line 








Water Quality Parameters 

pH NA NA NA 612 6.26 6.35 NA 688 6.75 7.18 NA 6.75 7.09 6.47 659 6.31 6.45 NA 6.93 7.86 8.36 7.59 8.45 E 6.02 6.06 6.16 8.55 6.69 6.63 6.57 6.97 
Specific Conductivity (mS/cm) NA NA NA 0.457 0.443 0.335 | NA 0.316 0.235 0.287 NA 0.582 0.528 (0.443 0.392 1.301 0.505 NA 0.454 0.334 0.654 0.72 (0.653 0.175 0.191 0.128 (0.167 0.349 0.052 0.397 __(0.297 
‘Temperature (C) NA NA NA 18.14 11.91 8.54 NA 20.34 10.47 10.83 NA 11.69 16.83 12.72 16.19 13.25 13.04 NA 12.15 9.67 11.80 17.48 12.61 19.02 19.4 10.70 10.03 18.68 19.23 11.76 11.81 
Redox (mV) NA NA NA 64 -139__--37.2 | NA -94.50 -100__—-96 NA -26.7 84 _-158.8 2.9 55  -88.1 NA -153 -165.0 194.4 -142.2 -253.7 15 7 -39 -52.4 -34.7 130 -48 -82 

Dissolved Oxygen (mg/L) NA NA NA NA NA 0.65 NA 0.14 NA 0.46 NA 1.58 1.54 0.84 2.05(6) _1.37(6) 0.53 NA 0.00 1.80 0.65 0.5 0.67 1.9 0.14 NA 0.47 4.23 NA NA 6.4 

Volatile Organic Compounds (ug/L) 

Benzene 2000 | 10000 ND ND ND ND ND ND ND ND NA ND ND 14 ND 0.9) 15 ND ND 5.3 26 9 38 : ND NA ND ND ND NA ND ND 

n-Butylbenzene NA NA 290 ND ND ND ND ND ND ND NA ND ND ND 58 15 32 ND ND ND ND ND 14 : i. ND NA ND ND ND NA ND ND 

Chlorobenzene 200 | 1000 ND ND 7.8 4.3 ND ND ND ND NA 71 56 75 ND 80 i 54 ND 44 206 128 345 ND NA ND ND ND NA ND 

Chloromethane NA NA __|ND (<500) ND ND ND ND ND ND ND NA ND ND ND ND 45 ND ND ND(<500) __ ND ND ND ND ND NA ND ND ND NA ND ND 

Ethylbenzene 20000 | 5000 | 14000 1800 17 ND ND ND NA 34 47 16 ; 17 14 10 3400 14100 10200 3540 3300 ~—- 1480 ND NA ND ND 0.81 NA ND ND 

Isopropylbenzene NA NA ND ND ND 44 ND ND ND ND NA 75 69 80 95 45 74 : ND ND 95 16 12 30 : ND NA ND ND ND NA ND ND 

n-Propylbenzene NA NA ND ND ND 07 ND ND ND ND NA 52 49 47 72 32 52 A ND ND 3.8 14 7.8 29 i : ND NA ND ND ND NA ND ND 

1,2,4-Trimethylbenzene NA NA 910 ND 51 6.9 ND ND ND ND NA ND ND 4 159 118 507 ND NA ND ND ND NA ND ND 

1,3,5-Trimethylbenzene NA NA ND ND ND 29 ND ND ND ND NA 19 46 8.3 51 8.5 53 : ND ND 3.9 8 ND 2.2 é E ND NA ND ND ND NA ND ND 

Total Xylenes (mixed isomers) g000 | 5000 | 99000 5700 95 1.4 0.9 NA 89 92 E 170 ND 153 110 83.5 103.7 . : 3.9 NA ND ND 6.1 NA ND ND 

Geochemical Parameter for Distribution (mg/L) 

Sulfate, using EPA 300.0 NA NA NA NA 13 NA NA NA NA NA NA NA NA NA NA NA 23 16 NA NA 15 10 NA NA 

Notes: 

1) Bold denotes exceedance of applicable Method 1 GW-2 or the GW-3 criteria (updated with 12/14/2007 MCP revisions). 

2) 12/14/2007 MCP revisions: GW-2 for ethylbenzene from 30,000 to 20,000 ug/L and GW-3 for xylenes from 500 to 5,000 ug/L. 

3) ND = Non-Detect at Respective Reporting Limit 

4) NA = Not Available or Not Measured 
) 
) 






























































5) Date of ISCO Injection: May 30 - June 3, 2006 
6) Water level would not stabilize and well went dry. 


Table 5-1 


Comparisons of Exposure Scenarios in Various HHRAAs Conducted at the Reichhold Site 


Reichhold, Inc., Andover, Massachusetts 

















































































































Parcel 
Parcel Il Former EBA Parcel Il Former EBA 
Timeframe Parcel | FMA Parcel | Former LFA (non-wetlands) (wetlands) Parcel Ill 
MCP RA Method Method 3 Method 3 Method 3 Method 2 Method 1 
Media Media Media Media 
Receptor (Exposure Routes) Receptor (Exposure Routes) Receptor (Exposure Routes) Receptor (Exposure Routes) 
Industrial Worker Soil (Ing/Derm/Inh) (1) 
Indoor Air 
Utility Worker Soil (Ing/Derm/Inh) Utility Worker Soil (Ing/Derm/Inh) 
GW (Derm/Inh) 
River Recreational Adult Sed (Derm) 
Current SW (Ing/Derm) 
Fish (Ing) 
River Recreational Youth Sed (Derm) 
SW (Ing/Derm) 
Fish (Ing) 
Trespasser Soil (Ing/Derm/Inh Trespasser Soil (Ing/Derm/Inh Trespasser Soil (Ing/Derm/Inh 
Onsite Recreational Adult Soil (Ing/Derm/Inh) Recreational Adult Soil (Ing/Derm/Inh Recreational Adult Soil (Ing/Derm/Inh Recreational Adult Soil (Ing/Derm/Inh (1) 
Demolished Concrete 
(Ing/Derm/Inh) 
Indoor Air 
Onsite Recreational Youth Soil (Ing/Derm/Inh) Recreational Youth Soil (Ing/Derm/Inh Recreational Youth Soil (Ing/Derm/Inh Recreational Youth Soil (Ing/Derm/Inh 
Demolished Concrete 
(Ing/Derm/Inh) 
Indoor Air 
Future Industrial Worker Soil (Ing/Derm/Inh) Industrial/Commercial Soil (Ing/Derm/Inh Industrial/Commercial Soil (Ing/Derm/Inh Industrial Worker Soil (Ing/Derm/Inh 
Demolished Concrete 
(Ing/Derm/Inh) Worker Worker 
Indoor Air 
Construction Worker Soil (Ing/Derm/Inh) Construction Worker | Soil (Ing/Derm/Inh 
Demolished Concrete 
(Ing/Derm/Inh) 
GW (Derm/Inh) 
Trespasser Soil (Ing/Derm/Inh 
Soil Soil Soil Soil Soil 
Groundwater Groundwater (no risk estimate)” Groundwater (no risk estimate) * Groundwater (no risk estimate) * Groundwater * 
Exposure Media concrete 
Sediment 
Surface water 
Fish 























Note: 


+ Since Method 1 Risk Assessment was conducted, the detailed discussion of potential receptors was provided in the report. 
However, the receptors expected to be present at Parcel Ill are consistent with other portions of the Reichhold site (e.g., Trespassers and Recreators) 


P Risk estimates were not quantified because Former LFA is classified as a non-potential drinking water source area (NPDWSA). 


P Chemicals of concern were not identified in groundwater; therefore, risk estimates were not quantified. 


!* Groundwater data indicate no exceedances of MADEP standards. 
Derm - Dermal 

EBA = Equalization Basin Area 

FMA = Former Manufacturing Area 

IGW = Groundwater 

HHRAA = Human Health Risk Assessment Addendum 

Ing - Ingestion 

Inh - Inhalation 

LFA = Landfill Area 

IMADEP = Massachusetts Department of Environmental Protection 
MCP = Massachusetts Contingency Plan 

RA = Risk Assessment 

ISW = Surface Water 

















Table 5-2 


Summary of Quantitative Risk Estimates in the HHRAAs 


Reichhold, Inc., Andover, Massachusetts 






































































































































Parcel Class of RAO | Method of RA | Safety Risk | Public Welfare Risk ELCR HI Conclusion 
Parcel | Former LFA A-3 Method 3 NSR NSR - - NSR 
Current Trespasser 4E-09 0.008 
Future Recreational Adult 2E-08 0.01 
Future Recreational Youth 9E-09 0.01 
Future Industrial/Commercial Worker 8E-08 0.03 
Parcel Il Former EBA (non-wetlands) A-3 Method 3 NSR NSR - - NSR 
Current Trespasser - 0.000002 
Future Recreational Adult - 0.000003 
Future Recreational Youth - 0.000003 
Future Industrial/Commercial Worker - 0.00001 
Parcel II Former EBA (wetlands) A-3 Method 2 NSR NSR - - NSR 
Parcel III A-2 Method 1 NSR NSR - - NSR 
Parcel | FMA Method 3 - - Risk estimates for future indoor air 
Current Industrial Worker 4E-09 0.006 pathway exceed target levels 
Current/Future Utility Worker 2E-09 0.003 based on groundwater data; 
Current/Future River Recreational Adult NA 0.2 current scenarios and other future 
Current/Future River Recreational Youth NA 0.3 media within MADEP target levels 
Future Industrial Worker 9E-06 13 
Future Construction Worker 2E-07 0.4 
Future Onsite Recreational Adult 8E-06 13 
Future Onsite Recreational Youth 8E-06 13 





























Note: 

EBA = Equalization Basin Area 
ELCR = Excess Lifetime Cancer Risk 
FMA = Former Manufacturing Area 


HHRAA = Human Health Risk Assessment Addendum 


HI = Hazard Index 
LFA = Landfill Area 


IMADEP = Massachusetts Department of Environmental Protection 


NA = Not Available 

NSR = No Significant Risk 

RA = Risk Assessment 

RAO = Response Action Outcome 

















Table 5-3 
Comparison of Exposure Factors and Assumptions: Trespasser and Onsite Recreational Youth Scenarios 
Reichhold, Inc., Andover, Massachusetts 








Exposure Variable Exposure Factors Reference/Comments 



































Trespasser : Onsite Recreational Youth” 








50 50 





Incidental soil ingestion, mg/day default value, > 6 years old (MADEP, 1995) 





Trespasser - Tech guidance, value for youth trespasser 11 to 18 years 
of age (MADEP, 2002); 

Recreational Youth - Tech guidance, value for child resident/child 
recreational (MADEP, 2002). 


Soil-to-skin adherence factor, mg/cm? 





Tresapasser - Tech guidance, value for youth trespasser 11 to 18 
years of age. Parts of the body include hands, forearms, and feet. 
(MADEP, 2002); 

Recreational Youth - Value for recreational youth 7 to 18 years of 
age. Parts of the body include head, hands, forearms, and lower 
legs. (MADEP, 1995). 


Skin surface in contact with soil, cm? - day 





3 


Airborne particulate concentration, ug/m MADEP, 1995 


Trespasser - 2 days/week in June-Aug and 1 day/week in April, May, 
September, and October. 

Recreational Youth - 3 days/week, April-Oct., best professional 
judgment 


Exposure frequency soil, days/yr 


Exposure time, hrs/day best professional judgment 





Trespasser - 11 to 18 years of age, best professional judgment; 


Exposure duration, yrs 2 . ; 
saat ecler Recreational Youth - 7 to 18 years of age, best professional judgment 


Relative Absorption Factor, % Chemical-specific Chemical-specific MADEP, 1995 





Body weight, kg 52 43 average of male and female, (MADEP, 1995)? 


Averaging time, noncancer Value calculated as ED x 365 days (MADEP, 1995) 


Averaging time, cancer MADEP, 1995 











Note: 

Fi Trespasser is assumed to be an adolescent (11 to 18 years of age). 

P Recreational youth is assumed to be an adolescent (7 to 18 years of age). 
ED = Exposure Duration 

MCP = Massachusetts Contingency Plan 

MADEP = Massachusetts Department of Environmental Protection 


References: 
Guidance for Disposal Site Risk Characterization - In Support of the Massachusetts Contingency Plan (MADEP, 1995). 
Supplemental Guidance — Weighted Skin-Soil Adherence Factors (MADEP, 2002). 
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Table 5-4 


Identification of Site-Wide Surface Soil Exposure Point Concentrations 


Reichhold, Inc., Andover, Massachusetts 























































































































: Parcel | Former LFA Parcel Il Former EBA (wetlands) Parcel Ill Parcel Il Former EBA (non-wetlands) Site-wide 
Parcel! FMA Surface Soil a " ' . * 
Surface Soil Surface Soil Surface Soil Surface Soil Surface Soil 
Maximum Exposure Point Maximum Exposure Point Maximum Exposure Point Maximum Maximum Exposure Point 
Chemical CAS Number Detected Concentration Detected Concentration Detected Concentration Detected Detected Concentration | Site-wide EPC * 
Concentration (Average) Concentration (Average) Concentration (Average) Concentration Concentration (Average) 

1,2,4-Trimethylbenzene 95-63-6 200 11 0.036 11 
1,3,5-Trimethylbenzene 108-67-8 81 4.7 0.05 4.7 
2-Butanone 78-93-3 0.016 0.016 
Acetone 67-64-1 0.1 0.92 0.061 0.046 0.78 0.35 0.18 0.92 
Benzene 71-43-2 0.0016 0.0016 
Ethylbenzene 100-41-4 15 0.92 2.8 0.26 0.011 0.013 0.0036 0.92 
lsopropylbenzene 98-82-8 0.23 0.11 0.012 0.11 
n-Butylbenzene 104-51-8 26 1.4 0.0016 4 
n-Propylbenzene 103-65-1 6.2 0.37 0.0068 0.37 
Naphthalene 91-20-3 19 1.1 0.001 0.014 0.0064 a 
Methyl tert butyl ether 1634-04-4 0.203 0.19 0.19 
Methylene chloride 75-09-2 0.146 0.71 0.052 0.034 0.011 0.71 
lo-Xylene 95-47-6 12 1.4 2.4 0.27 0.016 A 
p-lsopropyltoluene 99-87-6 0.216 0.10 0.0046 0.10 
p/m-Xylene OER-100-48 77 6.7 15 1.67 0.046 6.7 
|Toluene 108-88-3 0.057 0.057 
\Total Xylenes 1330-20-7 0.709 0.22 5.9 1.213375 0.078 0.012 2 
12,4-Dimethylphenol 105-67-9 0.42 0.19 0.73 2.0 2.0 
3-Methylphenol/4-Methylphenol OER-101-66 1.3 0.28 17: 0.92 0.92 
Phenol 108-95-2 45 0.56 1.2 1.0 1.7 0.955 0.97 0.224 .0 
bis(2-Ethylhexyl)phthalate 117-81-7 0.42 0.26 0.26 
Barium 7440-39-3 77 26 26 
Cadmium 7440-43-9 5.5 1.1 62.5 31 0.24 0.14 31 
Copper 7440-50-8 250 22 28.1 16.4 11.3 8.43 22 
Iron 7439-89-6 31000 10,333 10,800 8,470 11,600 8,455 10,333 
Lead 7439-92-1 76 130 66 71.6 6.76 5.01 72 
Silver 7440-22-4 0.6 0.29 0.29 
Zinc 7440-66-6 590 131 4,230 2,124 43.8 29 21.33 2,124 
2-Methylphenol 95-48-7 0.64 0.98 1.7 0.93 0.98 
4,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 534-52-1 3 4.0 4.0 
IChloromethane 74-87-3 0.0098 0.0098 
\Trichlorofluoromethane 75-69-4 0.0036 0.0036 









































Note: 
Units are presented in mg/kg 


site-wide Exposure Point Concentrations (EPCs) are the maximum values of EPCs from portions of the Reichhold site. 


EBA = Equalization Basin Area 
FIMA = Former Manufacturing Area 
LFA = Landfill Area 

















Table 5-5 


Identification of Site-Wide Total Soil Exposure Point Concentrations 


Reichhold, Inc., Andover, Massachusetts 


Chemical 


1,2,4-Trimethylbenzene 


Parcel | FMA 
Total Soil 


Parcel II Former EBA (wetlands) 
Total Soil 


Site-wide 
Total Soil 





Maximum 
Detected 


CAS Number Concentration 


95-63-6 


Exposure Point 
Concentration 
(Average) 


Maximum 
Detected 
Concentration 


Exposure Point 
Concentration 
(Average) 


Site-wide EPC * 





1,2-Dichlorobenzene 


95-50-1 





1,3,5-Trimethylbenzene 


108-67-8 





1,4-Dichlorobenzene 


106-46-7 





2-Butanone 


78-93-3 





4-Methyl-2-pentanone 


108-10-1 





67-64-1 





71-43-2 





75-15-0 





Chlorobenzene 


108-90-7 





Ethylbenzene 


100-41-4 





lsopropylbenzene 


98-82-83 





n-Butylbenzene 


104-51-8 





n-Propylbenzene 


103-65-1 





Naphthalene 


91-20-3 





Methyl tert butyl ether 


1634-04-4 





Methylene chloride 


75-09-2 





lo-Xylene 


95-47-6 





99-87-6 





OER-100-48 





135-98-8 





100-42-5 





108-88-3 





1330-20-7 





12,4-Dimethylphenol 


105-67-9 





3-Methylphenol/4-Methylphenol 


OER-101-66 





Phenol 


108-95-2 





2-Methylnaphthalene 


91-57-6 





bis(2-Ethylhexyl)phthalate 


117-81-7 





Dibenzofuran 


132-64-9 





Phenanthrene 


85-01-83 





7440-38-2 





7440-39-3 





7440-43-9 





7440-47-3 





7440-50-8 





7439-89-6 





7439-92-1 





7440-22-4 





7440-66-6 





Units are presented in mg/kg 


95-48-7 


Site-wide Exposure Point Concentrations (EPCs) are the maximum values of EPCs from portions of the Reichhold site. 
EBA = Equalization Basin Area 
FMA = Former Manufacturing Area 








Table 5-6 
Comparison of Groundwater to Applicable or Suitably Analogous Standards 
Reichhold, Inc., Andover, Massachusetts 


Applicable or Suitably Parcel Il Former 
Analogous Standards Parcel Il Former EBA EBA 
Parcel | FMA Parcel | Former LFA (non-wetlands) (wetlands) 
Minimum Maximum Minimum Maximum Minimum Maximum Maximum Minimum Maximum 
Analyte CAS Number | MMCL/ORSG | Method 3 UCL 
1,1-Dichloropropene 563-58-6 NA NA ug/L 


Detected Detected Detected Detected Detected Detected Detected Detected Detected 
1 ,2,4-Trimethylbenzene 95-63-6 NA 


1 ,2-Dichlorobenzene 95-50-1 20,000 
1 ,2-Dichloroethane 107-06-2 100,000 
1 ,2-Dichloropropane 78-87-5 100,000 
1 ,3,5-Trimethylbenzene 108-67-8 NA 
1 ,3-Dichlorobenzene 541-73-1 100,000 
1 ,4-Dichlorobenzene 106-46-7 80,000 
12,4-Dichlorophenol 120-83-2 100,000 
12,4-Dimethylphenol 105-67-9 100,000 
2-Butanone (Methyl ethyl ketone) 78-93-3 100,000 
2-Methylnaphthalene 91-57-6 100,000 
3-Methylphenol/4-Methylphenol OER-101-66 NA 
4-Methyl-2-pentanone 108-10-1 100,000 
67-64-1 100,000 
7440-38-2 9,000 
7440-39-3 100,000 
71-43-2 100,000 
Benzo(a)pyrene 50-32-8 A 5,000 
Benzo(b)fluoranthene 205-99-2 4,000 
191-24-2 500 
74-83-9 8,000 
108-90-7 10,000 
74-87-3 NA 
cis-1,2-Dichloroethene 156-59-2 100,000 
Dibenzo(a,h)anthracene 53-70-3 NA 
60-29-7 NA 
100-41-4 100,000 
86-73-7 400 
50-00-0 NA 
Indeno(1,2,3-cd)Pyrene 193-39-5 1,000 
Iron 7439-89-6 NA 
98-82-8 NA 
7439-96-5 NA 
Methyl tert butyl ether 1634-04-4 
Naphthalene 91-20-3 
n-Butylbenzene 104-51-8 
n-Propylbenzene 103-65-1 
lo-Xylene 95-47-6 
p/m-Xylene OER-100-48 
85-01-8 
108-95-2 
99-87-6 
lsec-Butylbenzene 135-98-8 
Styrene 100-42-5 
Tetrahydrofuran 109-99-9 
itert-Butylbenzene 98-06-6 
Tertiary-Amyl Methyl Ether 994-05-8 
108-88-3 
1330-20-7 
7440-66-6 


Concentration Concentration Concentration | Concentration | Concentration Concentration Concentration Concentration Concentration 











Shaded cell indicated exceedance of MMCL or ORSG. 

-- Not detected or analyzed 

EBA = Equalization Basin Area 

IEPC = Exposure point concentration 

FMA = Former Manufacturing Area 

LFA = Landfill Area 

Method 3 UCL = Massachusetts Contingency Plan (MCP, 310 CMR 40.0000) Method 3 Risk Characterization 
IMMCL = Massachusetts Maximum Contaminant Level (MMCL, 310 CMR 22.00). 

INA = Not available 

IORSG - Office of Research and Standards Massachusetts Drinking Water Guidelines. 


Upper Concentration Limit (310 CMR 40.0996(7)) 
Total xylene value used as surrogate for o-xylene and p/m-xylene 





Table 5-7 


Summary of Estimated Cumulative Health Risks 


Reichhold, Inc., Andover, Massachusetts 























































































































































































































Receptor Media‘ Exposure Route ELCR Hazard Index 
Ingestion 2E-10 0.0008 
Surface Soil at FMA Dermal Contact 2E-11 0.0001 
Inhalation 3E-09 0.005 
< 2 
Current Industrial Worker Soil Total 4E-09 0.006 
Groundwater - Indoor Air nhalation NA 0.000002 
Receptor Total 4E-09 0.006 
Sediment Dermal Contact NA 0.0008 
Ingestion NA 0.00000002 
Current/Future River Recreational Adult wuliace Water Dermal Contact NA 0.0000008 
Fish Ingestion NA 0.2 
Receptor Total NA 0.2 
Sediment Dermal Contact NA 0.001 
Surface Water Ingestion NA 0.00000004 
Current/Future River Recreational Youth Dermal Contact NA 0.000001 
Fish Ingestion NA 0.3 
Receptor Total NA 0.3 
Ingestion 2E-10 0.01 
Site-wide Surface Soil Dermal Contact 2E-11 0.002 
Inhalation 2E-07 0.02 
Soil Total 2E-07 0.04 
J Ingestion NA 0.002 
Future Industrial Worker Demolished Concrete Dermal Contact NA 0.0004 
Inhalation 7E-10 0.003 
Concrete Total 7E-10 0.006 
Groundwater - Indoor Air Inhalation 8E-06 13 
Receptor Total 8E-06 13 
Ingestion 3E-08 0.02 
Dermal Contact 1E-08 0.01 
Site-wide Total Soil Ingestion of Inhaled Particulates 3E-09 0.002 
Inhalation of Particulates 6E-08 0.1 
Inhalation of Volatiles 3E-10 0.03 
Soil Total 1E-07 0.2 
Ingestion NA 0.006 
Future Construction Worker Dermal Contact NA 0.005 
Demolished Concrete Ingestion of Inhaled Particulates NA 0.0005 
Inhalation of Particulates 1E-10 0.02 
Inhalation of Volatiles NA 0.0000002 
Concrete Total 1E-10 0.04 
Groundwater - Excavation DermalContact sews oot 
Inhalation 2E-08 0.1 
Groundwater Total 5E-08 0.1 
Receptor Total 2E-07 0.3 
Ingestion 5E-11 0.003 
Site-wide Surface Soil Dermal Contact 2E-11 0.002 
Inhalation 6E-08 0.005 
Soil Total 6E-08 0.01 
Future Onsite Recreational Adult Ingestion NA 0.0005 
Demolished Concrete Dermal Contact NA 0.0004 
Inhalation 2E-10 0.0007 
Concrete Total 2E-10 0.002 
Groundwater - Indoor Air Inhalation 8E-06 13 
Receptor Total 8E-06 13 
Ingestion 3E-11 0.005 
Site-wide Surface Soil Dermal Contact 4E-11 0.01 
Inhalation 2E-08 0.005 
Soil Total 2E-08 0.02 
Future Onsite Recreational Youth Ingestion NA 0.0009 
Demolished Concrete Dermal Contact NA 0.002 
Inhalation 6E-11 0.0007 
Concrete Total 6E-11 0.004 
Groundwater - Indoor Air Inhalation 8E-06 13 
Receptor Total 8E-06 13 
Note: 
‘Estimated ELCRs and hazard indices for site-wide soil are calculated on a site-wide basis; calculations are provided in Attachment C. Estimated ELCRs 


and hazard indices for all other media were obtained from the FMA HHRAA. 
? Potentially complete pathways for Current Industrial Workers are only identified for FMA. 


ELCR = Excess lifetime cancer risk 
FMA = Former Manufacturing Area 


HHRAA = Human Health Risk Assessment Addendum 


NA = Not available 














Table 5-8 
Summary of July and November, 2011 Passive Diffusion Bag Pore-Water Results 
Reichhold Andover 


Pore-Water Results 
MCP Numerical Standards Monitoring Event # 1 Monitoring Event # 2 
December, 2009 (7/1/2011) (11/10/2011) 
near former 11 ft 0 ft 20 ft 45 ft 
upstream pump house | downstream upstream (origin) 10 ft offshore | downstream | downstream 





Lowest MA DEP SEDPDB-3 
Eco-Based Method 1 Pore Water SED-PDB- SED-PDB- SED-PDB- 
Parameter Criteria GW-3 Values] SEDPDB-1 Result SEDPDB-2 UG1 SED-PDB-2 | SED-PDB-CG DG1 


Benzene 
n-Butylbenzene 
Chlorobenzene 
Chloromethane 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 
cis-1,2-Dichloroethene 

1,2-Dichloropropane 

Acetone 

1,1-Dichloropropene 
Ethylbenzene 
lsopropylbenzene 
Naphthalene 
n-Propylbenzene 
Toluene 
1,2,3-Trichloropropane 
1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Vinyl chloride 
Xylene (mixed isomers) 
Methyl isobutyl ketone 





















































Notes: 

1) Bold greater than Method 1 GW-3 criteria 

2) ND = Not Detected 

3) NA = Not Available 

4) Shaded columns include data from samples SEDPDB-2 (7/1/2011) and SED-PDB-2 (11/10/2011). Both are from the same location during successive events. 

5) Monitoring Events #1 (7/1/2011) and #2 (11/10/2011) Analytics Laboratory data packages #70358 and # 71497, respectively. 

6) MA DEP Method 1 GW-3 Numerical Standards are developed from "lowest ecologically-based criteria" selected from the literature: these are "final" values from the EPA AQUIRE ecotoxicity 
database for xylene and ethylbenzene. A groundwater attenuation factor of 2.5, 25, or 100 times is applied depending on the physicochemical properties (ie. Koc) of the constituent. In addition, a 
groundwater to surface water dilution factor of 10 times is applied. The target groundwater value adjusted for attenuation and dilution is then compared against AWQC ceiling values and practical 
quantitation limits (PQL). A GW-3 standard is then selected from the rounded result of the lowest of the two former values or the PQL, if higher. In summary, GW-3 values for ethylbenzene and 
xylene (mixed isomers) involve "lowest ecologically-based criteria" from AQUIRE adjusted for attenuation and dilution. 

7) PDB event #1 installation 6/17/2011 and #2 installation 10/19/2011.T 

8) The discharge area evaluated during Monitoring Event #2 involved shoreline measuring 56 feet by 10 feet or approximately 560 square feet. 
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Massachusetts Department of Environmental Protection 
Bureau of Waste Site Cleanup BWSC104 


| Tracking Numb 
RESPONSE ACTION OUTCOME (RAO) STATEMENT ae eee 


Pursuant to 310 CMR 40.1000 (Subpart J) | 7 


For sites with multiple RTNs, enter the Primary RTN above. 


A. SITE LOCATION: 


3. City/Town: ANDOVER 4. ZIP Code: 


5. Check here if a Tier Classification Submittal has been provided to DEP for this disposal site. 4720465 
[J atierta [ Ib TiertB [_] c Tieric d. Tier Il 677859 


6. Ifa Tier | Permit has been issued, provide Permit Number: 


B. THIS FORM IS BEING USED TO: = (check all that apply) 


1. List Submittal Date of RAO Statement (if previously submitted): 
mm/dd/yyyy 
[| 2. Submit a Response Action Outcome (RAO) Statement 


a. Check here if this RAO Statement covers additional Release Tracking Numbers (RTNs). RTNs that have been 
previously linked to a Tier Classified Primary RTN do not need to be listed here. 


b. Provide additional Release Tracking Number(s) [ 7 | L - [ 
covered by this RAO Statement. 


[| 3. Submit a Revised Response Action Outcome Statement 


a. Check here if this Revised RAO Statement covers additional Release Tracking Numbers (RTNs), not listed on the 
[ ] RAO Statement or previously submitted Revised RAO Statements. RTNs that have been previously linked to a Tier 
Classified Primary RTN do not need to be listed here. 


b. Provide additional Release Tracking Number(s) [ : [ L : [ 
covered by this RAO Statement. 
4. Submit a Response Action Outcome Partial (RAO-P) Statement 


Check above box, if any Response Actions remain to be taken to address conditions associated with this disposal site 
having the Primary RTN listed in the header section of this transmittal form. This RAO Statement will record only an 
RAO-Partial Statement for that RTN. A final RAO Statement will need to be submitted that references all RAO-Partial 
Statements and, if applicable, covers any remaining conditions not covered by the RAO-Partial Statements. 


Also, specify if you are an Eligible Person or Tenant pursuant to M.G.L. c. 21E s.2, and have no further obligation to 
conduct response actions on the remaining portion(s) of the disposal site: 


|_| a. Eligible Person [| b. Eligible Tenant 
[] 5. Submit an optional Phase | Completion Statement supporting an RAO Statement 


Cc 6. Submit a Periodic Review Opinion evaluating the status of a Temporary Solution for a Class C-1 RAO Statement, as 
specified in 310 CMR 40.1051 (Section F is optional) 


CJ 7. Submit a Retraction of a previously submitted Response Action Outcome Statement (Sections E & F are not required) 


(All sections of this transmittal form must be filled out unless otherwise noted above) 





Revised: 02/28/2006 Page 1 of 7 


Massachusetts Department of Environmental Protection 
Bureau of Waste Site Cleanup BWSC104 


RESPONSE ACTION OUTCOME (RAO) STATEMENT aye 


Pursuant to 310 CMR 40.1000 (Subpart J) is | . 


C. DESCRIPTION OF RESPONSE ACTIONS: = (check all that apply; for volumes, list cumulative amounts) 


[| 1. Assessment and/or Monitoring Only 2. Temporary Covers or Caps 
[] 3. Deployment of Absorbent or Containment Materials 
[| 5. Structure Venting System 

[] 7. Product or NAPL Recovery 


(il 9. Groundwater Treatment Systems 
11. Bioremediation 12. Air Sparging 
13. Monitored Natural Attenuation [ | 14. In-situ Chemical Oxidation 


4. Treatment of Water Supplies 
6. Engineered Barrier 

8. Fencing and Sign Posting 
10. Soil Vapor Extraction 


IRIE] 


15. Removal of Contaminated Soils 


[] a. Re-use, Recycling or Treatment [ ] i.On Site Estimated volume in cubic yards Se 
[| ii. Off Site Estimated volume in cubic yards eee 


ia. Faciity Name:L_—— town | tate: L_ 
ib, Facitty Names| towns; ate: | 


ji.Describe:|__—S 
b. Landfill 
[ | i. Cover Estimated volume in cubic yards [LY 


FaciityName: | town; Ld Stat: 
ii. Disposal Estimated volume in cubic yards 1160 


Facility Name: [W-M.TURNKEYLF.-SOILS/CONG town. [ROCHESTER Bisie: 


[| 16. Removal of Drums, Tanks or Containers: 


a. Describe Quantity and Amount: 


b. Facility el sd Town: | State: 
c. FaciltyName| town: | State: 


17. Removal of Other Contaminated Media: 






a. Specify Type and Volume: |976 TONS (574 C.Y) CONTAMINATED SOILS; 2,650 TONS (1559 C.Y.) 
SOILS/RESINS 


b. Facility Name: Town: WAYNE State: Mo 
c. Facility Name: W.M. CROSSROADS L.F. Town: NORRIDGEWOCK State: ME 
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Massachusetts Department of Environmental Protection 


Bureau of Waste Site Cleanup BWSC104 


Release Tracking Number 


RESPONSE ACTION OUTCOME (RAO) STATEMENT BI] 


Pursuant to 310 CMR 40.1000 (Subpart J) 


C. DESCRIPTION OF RESPONSE ACTIONS (cont.): (check all that apply; for volumes, list cumulative amounts) 
18. Other Response Actions: 


ENHANCED INTRINSIC BIOREM. OF G.W (ORC, O2 RELEASE EHC, ISCO (SODIUM PERSULFATE) 
AND G.W. MONITORING); 4,510 LBS ORC; 4,500 LBS EHC; 12,500 SOD. PERSULFATE/2,250 SOD. 
HYDROX 


Describe: 


19. Use of Innovative Technologies: 


Describe:| ORC POWDER AND SLURRIES IN EXCAVATIONS AND G.W.; 02 RELEASE EHC; AND ISCO x 


D. SITE USE: 


1. Are the response actions that are the subject of this submittal associated with the redevelopment, reuse or the major 
expansion of the current use of property(ies) impacted by the presence of oil and/or hazardous materials? 


[J a. Yes [] b. No c. Don't know 


2. Is the property a vacant or under-utilized commercial or industrial property ("a brownfield property")? 


[Vv] a. Yes [| b. No [| c. Don't know 


3. Will funds from a state or federal brownfield incentive program be used on one or more of the property(ies) within the disposal 
site? 
L] a. Yes C] b. No c. Don't know If Yes, identify program(s): 


4. Has a Covenant Not to Sue been obtained or sought? 
Cl a. Yes [] b. No c. Don't know 

5. Check all applicable categories that apply to the person making this submittal: [| a. Redevelopment Agency or Authority 
[ ] b. Community Development Corporation C] c. Economic Development and Industrial Corporation 


[] d. Private Developer [| e. Fiduciary [ ] f. Secured Lender [| g. Municipality 


[] h. Potential Buyer (non-owner) i. Other, describe: CURRENT OWNER | 


This data will be used by MassDEP for information purposes only, and does not represent or create any legal commitment, 
obligation or liability on the part of the party or person providing this data to MassDEP. 





E. RESPONSE ACTION OUTCOME CLASS: 
Specify the Class of Response Action Outcome that applies to the disposal site, or site of the Threat of Release. 
Select ONLY one Class. 


C] 1. Class A-1 RAO: Specify one of the following: 
[| a. Contamination has been reduced to background levels. [] b. A Threat of Release has been eliminated. 


2. Class A-2 RAO: You MUST provide justification that reducing contamination to or approaching background levels is 
infeasible. 


3. Class A-3 RAO: You MUST provide an implemented Activity and Use Limitation (AUL) and justification that reducing 
contamination to or approaching background levels is infeasible. 


4. Class A-4 RAO: You MUST provide an implemented AUL, justification that reducing contamination to or approaching 

Cc background levels is infeasible, and justification that reducing contamination to less than Upper Concentration Limits 
(UCLs) 15 feet below ground surface or below an Engineered Barrier is infeasible. If the Permanent Solution relies upon an 
Engineered Barrier, you must provide or have previously provided a Phase III Remedial Action Plan that justifies the selection 
of the Engineered Barrier. 





Revised: 02/28/2006 Page 3 of 7 


Massachusetts Department of Environmental Protection 


Bureau of Waste Site Cleanup BWSC104 


RESPONSE ACTION OUTCOME (RAO) STATEMENT gene aU 


Pursuant to 310 CMR 40.1000 (Subpart J) J . 


E. RESPONSE ACTION OUTCOME CLASS (cont.): 


C] 5. Class B-1 RAO: Specify one of the following: 


[_] a. Contamination is consistent with background levels [|__| _)- Contamination is NOT consistent with background 
levels. 


[] 6. Class B-2 RAO: You MUST provide an implemented AUL. 


7. Class B-3 RAO: You MUST provide an implemented AUL and justification that reducing contamination to less than 
LI Upper Concentration Limits (UCLs) 15 feet below ground surface is infeasible. 


8. Class C-1 RAO: You must submit a plan as specified at 310 CMR 40.0861(2)(h). Indicate type of ongoing response 
actions. 


[] a. Active Remedial System [] b. Active Remedial Monitoring Program [| c. None 


Fa) d. Other — Specify: 
[] 9. Class C-2 RAO: You must hold a valid Tier | Permit or Tier II Classification to continue response actions toward a 


Permanent Solution. 


F. RESPONSE ACTION OUTCOME INFORMATION: 
1. Specify the Risk Characterization Method(s) used to achieve the RAO described above: 
[| a. Method1 [| b. Method 2 c. Method 3 


[| d. Method Not Applicable-Contamination reduced to or consistent with background, or Threat of Release abated 


2. Specify all Soil Category(ies) applicable. More than one Soil Category may apply at a Site. Be sure to check off all APPLICABLE 
categories: 


[| a. S4/GW-1 [| d.S-2/Gw-1 [| g.S-3/GW-1 
b. S-1/GW-2 e. S-2/GW-2 [| h.S-3/Gw-2 
c. S-1/GW-3 f. S-2/GW-3 i. S-3/GW-3 


3. Specify all Groundwater Category(ies) impacted. A site may impact more than one Groundwater Category. Be sure to check off 
all IMPACTED categories: 


[ ] a. GW-1 [ ] b. GW-2 c. GW-3 fi] d. No Groundwater Impacted 


4. Specify remediation conducted: 
a. Check here if soil remediation was conducted. 
b. Check here if groundwater remediation was conducted. 


5. Specify whether the analytical data used to support the Response Action Outcome was generated pursuant to the Department's 
Compendium of Analytical Methods (CAM) and 310 CMR 40.1056: 


_] a. CAM used to support all analytical data. b. CAM used to support some of the analytical data. 


[| c. CAM not used. 


6. Check here to certify that the Class A, B or C Response Action Outcome includes a Data Usability Assessment and Data 
Representativeness Evaluation pursuant to 310 CMR 40.1056. 


7. Estimate the number of acres this RAO Statement applies to: 
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Massachusetts Department of Environmental Protection 
Bureau of Waste Site Cleanup BWSC104 


RESPONSE ACTION OUTCOME (RAO) STATEMENT 9=— 7219288 Tracking Number 


Pursuant to 310 CMR 40.1000 (Subpart J) 3 | : 


G. LSP SIGNATURE AND STAMP: 


| attest under the pains and penalties of perjury that | have personally examined and am familiar with this transmittal form, 
including any and all documents accompanying this submittal. In my professional opinion and judgment based upon application 
of (i) the standard of care in 309 CMR 4.02(1), (ii) the applicable provisions of 309 CMR 4.02(2) and (3), and 309 CMR4.03(2), and 
(iii) the provisions of 309 CMR 4.03(3), to the best of my knowledge, information and belief, 


> if Section B indicates that either an RAO Statement, Phase | Completion Statement and/or Periodic Review Opinion is being 
provided, the response action(s) that is (are) the subject of this submittal (i) has (have) been developed and implemented in 
accordance with the applicable provisions of M.G.L. c. 21E and 310 CMR 40.0000, (ii) is (are) appropriate and reasonable to 
accomplish the purposes of such response action(s) as set forth in the applicable provisions of M.G.L. c. 21E and 310 CMR 
40.0000, and (iii) comply(ies) with the identified provisions of all orders, permits, and approvals identified in this submittal. 


lam aware that significant penalties may result, including, but not limited to, possible fines and imprisonment, if | submit 
information which | know to be false, inaccurate or materially incomplete. 


ruse: (9415 
. First Name: JOHN D 3. Last Name: |RENDALL 
. Telephone: (617) 523-2260 5. Ext.: [| 6. FAX: 


. Signature: 


-pateL__ 9. LSP Stamp: 


mm/dd/yyyy 


. PERSON MAKING SUBMITTAL: 


CT c. change in the person 


. Check all that apply: .ch i .ch f 
pply [| a. change in contact name [] b. change of address lindertaking response actans 


. Name of Organization: REICHHOLD INC 


_ Contact First Name: YOHN 4. Last Name: OLDHAM 
- Street: [PO BOX 13582 6. Title:| PROJECT MGR 


- City/Town; [RESEARCH TRIANGLE PARK @ See 9. ZIP Code: [277093582 


10. Telephone: |(919) 990-7789 text: 42. Fax: 





Revised: 02/28/2006 Page 5 of 7 


Massachusetts Department of Environmental Protection 
Bureau of Waste Site Cleanup BWSC104 


RESPONSE ACTION OUTCOME (RAO) STATEMENT eee eee 


Pursuant to 310 CMR 40.1000 (Subpart J) i | ~ 


I. RELATIONSHIP TO RELEASE OR THREAT OF RELEASE OF PERSON MAKING SUBMITTAL: 


L 


O 
LO 


1. RP or PRP a. Owner [| b. Operator [ ] c. Generator J d. Transporter 
[| e. Other RP or PRP_ Specify: 


2. Fiduciary, Secured Lender or Municipality with Exempt Status (as defined by M.G.L. c. 21E, s. 2) 


3. Agency or Public Utility on a Right of Way (as defined by M.G.L. c. 21E, s. 5(j)) 


4. Any Other Person Making Submittal Specify Relationship: 


J. REQUIRED ATTACHMENT AND SUBMITTALS: 


LO 


L 


1. Check here if the Response Action(s) on which this opinion is based, if any, are (were) subject to any order(s), permit(s) 
and/or approval(s) issued by DEP or EPA. If the box is checked, you MUST attach a statement identifying the applicable 
provisions thereof. 


2. Check here to certify that the Chief Municipal Officer and the Local Board of Health have been notified of the submittal of 
an RAO Statement that relies on the public way/rail right-of-way exemption from the requirements of an AUL. 


3. Check here to certify that the Chief Municipal Officer and the Local Board of Health have been notified of the submittal of a 
RAO Statement with instructions on how to obtain a full copy of the report. 


4. Check here to certify that documentation is attached specifying the location of the Site, or the location and boundaries of 
the Disposal Site subject to this RAO Statement. If submitting an RAO Statement for a PORTION of a Disposal Site, you 
must document the location and boundaries for both the portion subject to this submittal and, to the extent defined, the entire 
Disposal Site. 


5. Check here to certify that, pursuant to 310 CMR 40.1406, notice was provided to the owner(s) of each property within the 
disposal site boundaries, or notice was not required because the disposal site boundaries are limited to property owned by 
the party conducting response actions. (check all that apply) 


[] a. Notice was provided prior to, or concurrent with the submittal of a Phase II Completion Statement to the Department. 


b. Notice was provided prior to, or concurrent with the submittal of this RAO Statement to the Department. 


[] c. Notice not required. d. Total number of property owners notified, if applicable: ed 


6. Check here if required to submit one or more AULs. You must submit an AUL Transmittal Form (BWSC113) anda 
copy of each implemented AUL related to this RAO Statement. Specify the type of AUL(s) below: (required for Class 
A-3, A-4, B-2, B-3 RAO Statements) 


a. Notice of Activity and Use Limitation b. Number of Notices submitted: fi 
[| c. Grant of Environmental Restriction d. Number of Grants submitted: [ 


7. If an RAO Compliance Fee is required for any of the RTNs listed on this transmittal form, check here to certify that an RAO 
Compliance Fee was submitted to DEP, P. O. Box 4062, Boston, MA 02211. 


8. Check here if any non-updatable information provided on this form is incorrect, e.g. Site Address/Location Aid. Send 
corrections to the DEP Regional Office. 


9. Check here to certify that the LSP Opinion containing the material facts, data, and other information is attached. 
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Massachusetts Department of Environmental Protection 
Bureau of Waste Site Cleanup BWSC104 


RESPONSE ACTION OUTCOME (RAO) STATEMENT lel gd Man Las 


Pursuant to 310 CMR 40.1000 (Subpart J) i . 


K. CERTIFICATION OF PERSON MAKING SUBMITTAL: 


1.1, eee , attest under the pains and penalties of perjury (i) that | have personally 
examined and am familiar with the information contained in this submittal, including any and all documents accompanying this 
transmittal form, (ii) that, based on my inquiry of those individuals immediately responsible for obtaining the information, the 
material information contained in this submittal is, to the best of my knowledge and belief, true, accurate and complete, and (iii) 
that | am fully authorized to make this attestation on behalf of the entity legally responsible for this submittal. I/the person or 
entity on whose behalf this submittal is made am/is aware that there are significant penalties, including, but not limited to, 
possible fines and imprisonment, for willfully submitting false, inaccurate, or incomplete information. 


2. By: PROJECT MGR 


Signature 


REICHHOLD INC 
(Name of person or entity recorded in Section H) mm/dd/yyyy 


4. For: 


[] 6. Check here if the address of the person providing certification is different from address recorded in Section H. 


7. sree: | 
a ciytown: (|g ate; L__] 10. z1P cod: 
11, Telephone: Ld a et: Ld) 8, Fa 


YOU ARE SUBJECT TO AN ANNUAL COMPLIANCE ASSURANCE FEE OF UP TO $10,000 PER 
BILLABLE YEAR FOR THIS DISPOSAL SITE. YOU MUST LEGIBLY COMPLETE ALL RELEVANT 
SECTIONS OF THIS FORM OR DEP MAY RETURN THE DOCUMENT AS INCOMPLETE. IF YOU 
SUBMIT AN INCOMPLETE FORM, YOU MAY BE PENALIZED FOR MISSING A REQUIRED DEADLINE. 


Date Stamp (DEP USE ONLY:) 
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Assessment Addendum - Former 
Manufacturing Area and Shawsheen River 





Report 


Human Health Risk Assessment 
Addendum and Safety and Public 
Welfare Risk Characterization - 
Former Manufacturing Area and 
Shawsheen River (RTN 3-0208) 


Prepared for 


Reichhold, Inc 


November 2012 


w CH2MIHILL 
SS 


25 New Chardon St. Suite 500 
Boston, MA 02114 
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Human Health Risk Assessment Addendum 
and Safety and Public Welfare Risk 
Characterization 


1 Introduction 


This Human Health Risk Assessment Addendum (HHRAA) is an update of the 1997 
Human Health Risk Assessment (HHRA) that was prepared for the former Reichhold, 
Inc. (Reichhold) facility, located in Andover, Massachusetts (RTN 3-0208). The 1997 
HHRA evaluated current and/or future risk at the former manufacturing, equalization 
basin, and landfill areas of the site prior to implementation of various remedial actions. 


The objective of this HHRAA is to evaluate the potential current and future site risks 
subsequent to remedial actions implemented at the former manufacturing area (FMA) 
since 1997. The HHRAA evaluated potential exposures based on current land use and 
two reasonably foreseeable future use scenarios: commercial/industrial and recreational. 
Additionally, potential current and future risks were estimated for recreational 
exposures in the Shawsheen River reach adjacent to the site. The lower Shawsheen 

River transects the Reichhold Site and borders the FMA. There are currently no 
restrictions to recreational access on the Shawsheen River within the vicinity of the 
Reichhold facility. Some of the potential recreational activities on the lower Shawsheen 
River include wading, boating and fishing. 


The exposure pathways evaluated and the methods used to update the 1997 HHRA are 
in compliance with the most recent MADEP protocols developed for preparing Method 
3 Risk Characterizations, including the Interim Final Vapor Intrusion Guidance (MADEP, 
2011), Massachusetts Contingency Plan (MCP) Subpart I - Risk Characterization (310 CMR 
40.0900), and Guidance for Disposal Site Risk Characterization (MADEP, 1995). 


The former equalization basin area (EBA) and former landfill area (LFA) are addressed 
in separate risk assessments. A Class A-3 Partial Response Action Outcome (RAO) 
Statement was filed in 2004 for the non-wetland portion of the former EBA (Class A-3 
Permanent Solution Partial Action Outcome Statement - Parcel II [non-wetland portion] 
(CH2M HILL, December, 2004). A Class A-3 partial RAO was electronically filed for the 
wetland portion of the former EBA in March 2009. A Class A-3 Permanent Solution Partial 
Response Action Outcome Statement - Parcel I Former Landfill Area (CH2M HILL, 2004) was 
originally filed in December 2004. Technical/compliance screening audit comments 
were received from MADEP, dated November 6, 2005. The document was revised to 
address MADEP comments and on August 5, 2008, a revised Documentation Supporting a 
Class A-3 Permanent Solution Partial Action Outcome Statement - Parcel I Former Landfill 
Area (CH2M HILL, July 2008) was electronically filed with the MADEP Bureau of Waste 
Site Clean-Up (BWSC). A document entitled Revised Documentation Supporting a Class A-3 
Permanent Solution Partial Response Action Outcome (RAO) Statement - Parcel I Former 


Landfill Area was electronically filed in April, 2009 (CH2M HILL, April, 2009). This risk 
assessment is being prepared to support a Partial RAO for the FMA portion of the 
former Reichhold property. This is the final Partial RAO in a series covering the former 
Reichhold property. 


2 Background and Methods 


Site History 


The site is located in an area zoned for industrial/commercial and residential use. The 
FMA is zoned Industrial A, which permits most industrial and office uses. The land was 
used for industrial operations between the 1930's and 1990. Reichhold purchased the 
property in 1953 and manufactured phenolic, urea formaldehyde, and other resins. BTL 
Specialty Resins (BTL) purchased the property in 1986 and continued to manufacture 
resins until 1990 when the facility was closed. The facility has not been in operation since 
February 1990. An 8-foot tall chain link fence topped with barbed wire surrounds the 
FMA on all sides. Section 3 of the FMA Response Action Outcome Statement, to which 
this HHRAA is attached, provides a summary of response actions involving soils 
removal/ disposal, building demolition, and soils and groundwater treatment involving 
ORC®, EHC®, and ISCO (sodium persulfate) that occurred between 1998 and 2006. 
Monitoring has continued on a biannual basis since 2006 to continue to document 
enhanced intrinsic bioremediation following completion of application the referenced 
remedial additives in 2006. 


Approaches and Methods 


The overall approach used in this HHRAA is consistent with 310 Code of Massachusetts 
Regulations (CMR) Section 40 of the Massachusetts Contingency Plan (February 2008) and 
the Guidance for Disposal Site Characterization (MADEP, 1995). As stated in the MCP, 
there are three basic approaches for risk characterization: a chemical-specific method 
where site soil and groundwater chemical concentrations are compared with 
corresponding published standards (referred to as Method 1); a cumulative risk 
approach where site-specific information is incorporated into the risk estimates and 
compared with the MADEP cancer and non-cancer risk limits (Method 3); and a hybrid 
approach that allows development of some site-specific and chemical-specific data to 
supplement Method 1 Standards (Method 2). 


A Method 3 approach was selected to evaluate the potential risks posed by the post- 
remediation residual concentrations at the FMA and potential risks from exposures in 
the Shawsheen River (within the vicinity of the site). This Method 3 HHRAA 
incorporates site-specific conditions and therefore, provides a more meaningful basis for 
evaluating the significance of potential risks posed to current and reasonably foreseeable 
future receptors by residual concentrations remaining at the FMA rather than a simple 
comparison of site data to published standards. The intake and risk estimates are 
presented in Appendices A, B, and C. 


Groundwater Categories 


The area of the FMA is within a potentially productive aquifer (PPA) but has been 
classified as a non-potential drinking water source area (NPDWSA) by MassGIS, in 
accordance with 310 CMR 40.006 and Determining Non-Potential Drinking Water Source 
Areas Policy, WSC-97-701, (MADEP, 1997), due to past use and development in the area. 
The policy states the following: 


NPDWSAs include land that has been developed for specific urbanized uses and/or is so 
densely populated that installation of a new public water supply there is highly unlikely. 
NPDWSAs are not considered to be potential drinking water source areas. Therefore, 
groundwater cleanups in these areas do not need to meet Massachusetts Drinking Water 
Standards (provided other GW-1 criteria defining Current or Potential Drinking Water 
Source Areas do not apply). 


The area does not fit the MCP definitions in 310 CMR 40.0006 of a “current” (i.e., within 
Zone II, Interim Wellhead Protection Area (IWPA), Zone A of Class A surface water 
body, or 500 feet of a private well) or “potential” (i.e., greater than 500 feet from a 
municipal supply or within a municipal groundwater protection district) drinking water 
source areas. Consequently, GW-1 does not apply. Groundwater category GW-3, 
protective of surface water, is applicable for all groundwater across the site since it may 
discharge to surface water. GW-2, protective of indoor air, is applicable within 30 feet of 
existing or planned buildings anywhere on the site, since the average annual depth of 
groundwater across the site is 15 feet or less (310CMR.0932(6)). Figure 1 provides a 
Priority Resource Map available online from MassGIS depicting the extent of the 
NPDWSA beneath the property. 


Soil Categories 


The MADEP classifies soils at a site into categories S-1, S-2, and S-3 based on exposure 
potential (i.e., receptor type, frequency of use, intensity of use, and accessibility). 
Category S-1 is associated with the highest exposure potential, while S-3 is associated 
with the lowest exposure potential. 


Portions of the FMA are currently leased by a crane and rigging company for equipment 
storage and lay-down. Workers and a site security guard may be present on an 
intermittent basis. Therefore, FMA site soils are considered category S-2 (adult receptors 
present, low-to-high frequency, low intensity of use, and accessible). Under potential 
future light industrial/ commercial site use, FMA soils are considered category S-2 (adult 
receptors present, high frequency, low intensity exposure, and accessible). Under 
potential future recreational use, site soils in the FMA are considered category S-1 
(potential child receptors present, high frequency, high intensity exposure, and 
accessible). 


Surface Water Categories 

Under the Massachusetts Surface Water Quality Standards (314 CMR 4.00), the lower 
Shawsheen River is classified as a Class B waterway. Class B waters are designated for 
primary and secondary contact recreation and should have consistently good aesthetic 
value. 


Conceptual Site Model 


The conceptual site model (CSM) qualitatively defines exposure pathways, exposure 
media, and potential receptors at the site under potential current and future land use 
conditions. Exhibit 1-1 presents a table depicting the CSM. Only exposure pathways 
that are considered to be potentially complete are included in the CSM. 


3 Data Review and Hazard Identification 


In this subsection, site analytical data are summarized and contaminants of concern 
(COCs) are identified for the FMA. 


e Soil - Data evaluation was conducted on soil analytical data generated during 
test pit excavation and soil boring advancement as part of the Phase II 
Comprehensive Site Assessment (CSA) and confirmatory sampling associated 
with the Phase IV Final Inspection (FI) conducted in 1997 and 1998, as well as 
post-remediation soil data collected in 2006, 2007, and 2008. 


e Concrete - Concrete from the FMA was processed for use as surficial fill across 
the site. Composite samples of demolished concrete stockpiled onsite were 
collected in 2007 and 2008, and were used in the HHRAA. 


e Groundwater - For the seven monitoring wells (CHMW-12, CHMW-13, GM-2, 
GM-6S, GP-06, GP-10, and GP-11) included in the Operations, Maintenance, and 
Monitoring (OMM) program, recent groundwater data collected during the last 
three years (2009, 2010, 2011) were included in the dataset. For the other wells, 
data from the two most recent years (2006 and 2007) were used. 


e Surface Water & Sediment - Surface water and sediment samples collected from 
the lower Shawsheen River in July 2007 were used in the HHRAA. 


Detailed descriptions of sampling methods and data analytical reports for the data used 
in this HHRAA can be found in the following sources: 


e Phase II - CSA (CH2M HILL, 1997); 


e Phase IV - Final Inspection Report (CH2M HILL, 1999) and Addenda (CH2M 
HILL, 2005, 2007, and 2008c); 


e Post-RAO Operations, Maintenance, and Monitoring Report (CH2M HILL, 2007, 
2008a, 2008b, 2008d, 2009a, 2009b, 2010, 2011a, and 2011b) 


The data usage and sample assignments for each data grouping are summarized in 
Exhibit D-1 in Appendix D. The detected chemicals in soil, concrete, groundwater, 
sediment, and surface water samples, as well as a summary of the COC screening 
process, are presented in Exhibits 2-1 through 2-10. 


Soil Contaminants of Concern 


The analyte list used during the site characterization and remediation activities is the 
starting point for selecting the COCs. Analytical data were screened using the MADEP’s 


methodology for selecting COCs (MADEP, 1995). An analyte can be removed from 
further consideration if: 


1. The analyte is not detected above the analytical detection limit in any sample 
collected at the area. 


2. The analyte is present at low concentrations (relative to the method detection limit) 
and at a low frequency of detection. 


3. The analyte is present at levels consistent with background and there is no evidence 
that the analyte was associated with site-related activities. 


4, The analyte can be attributed to field or laboratory contamination. 


The above criteria were used to screen and select the soil COCs for the exposure 
assessment. Analytes that were not detected in any of the soil samples were eliminated 
as COCs. COCs with a low frequency of detection and low concentration were retained 
in the HHRAA as an element of conservatism. 


Soil samples collected from two depth intervals anywhere within the FMA and one 
depth interval within utility corridors were used to evaluate potential exposures as 
follows: 


e the 0-2 ft interval anywhere within the FMA for evaluating potential risks to 
current industrial workers and future recreators (due to the low number of soil 
samples available from the 0-2 ft interval, soil data from the 0-4 ft interval were 
included in the dataset to characterize potential exposures to receptors for the 0-2 
ft interval); 


e the 0-6 ft interval anywhere within the FMA for evaluating potential risks to 
future industrial workers and future construction workers; and 


e the 0-6 ft interval along the existing utility corridor only for evaluating potential 
risks to current/future utility workers. 


The COC screening process for soil (0-2 ft bgs) is presented in Exhibit 2-1. For metals 
and polycyclic aromatic hydrocarbons (PAHs), the maximum detected soil 
concentrations were compared to background values published by MADEP (2002a). 

The maximum detected concentrations were below the MADEP background levels for 
nine analytes: arsenic, chromium, lead, mercury, benzo(a)pyrene, benzo(b)fluoranthene, 
chrysene, fluoranthene, and pyrene. Therefore, these nine analytes detected in soil at 
the FMA were not retained as COCs in the exposure assessment. The following analytes 
were retained as COCs: 


e 18 organic compounds including 1,2,4-trimethylbenzene, 1,3,5- 
trimethylbenzene,acetone, ethlybenzene, isopropylbenzene, n-butylbenzene, n- 
propylbenzene, naphthalene, methyl tert butyl ether (MTBE), methylene chloride, 
o-xylene, p-isopropyltoluene, p/m-xylene, total xylene, 2,4-dimethylphenol, 2- 
methylphenol/4-methylphenol, phenol, and bis[2-ethylhexyl]phthalate); and 


e 6 metals including barium, cadmium, copper, iron, silver, zinc. 


The COC screening process for soil (0-6 ft bgs) at the FMA is presented in Exhibit 2-2. 
The maximum detected concentrations were below the MADEP background levels for 
13 analytes: mercury, acenaphthene, anthracene, benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, benzo(ghi)perylene, benzo(k)fluoranthene, chrysene, 
fluoranthene, fluorene, indeno(1,2,3-cd)pyrene, and pyrene. Therefore, these 13 analytes 
detected in soil (0-6 ft bgs) at the FMA were not retained as COCs in the exposure 
assessment. The following analytes were retained as COCs: 


e 31 organic compounds including 1,2,4-trimethylbenzene, 1,2-dichlorobenzene, 
1,3,5-trimethylbenzene, 1,4-dichlorobenzene, 2-butanone, 4-methyl-2-pentanone, 
acetone, benzene, carbon disulfide, chlorobenzene, ethylbenzene, 
isopropylbenzene, n-butylbenzene, n-propylbenzene, naphthalene, MTBE, 
methylene chloride, o-xylene, p-isopropyltoluene, p/m-xylene, sec-butylbenzene, 
styrene, toluene, total xylenes, 2,4-dimethylphenol, 3-methylphenol/4- 
methylphenol, phenol, 2-methylnaphthalene, bis[2-ethylhexyl]phthalate, 
dibenzofuran, and phenanthrene; and 


e 9 metals including arsenic, barium, cadmium, chromium, copper, iron, silver, 
zinc. 


The COC screening process for soil (0-6 ft bgs) only along the utility corridor at the FMA 
is presented in Exhibit 2-3. The maximum detected concentrations exceeded the 
MADEP background levels for all analytes. Therefore, all analytes detected in soil (0-6 ft 
bgs) along the utility corridor at the FMA were retained as COCs. The following 
analytes were retained as COCs: 


e 16 VOCs including 1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, 1,4- 
dichlorobenzene, 2-butanone, acetone, carbon disulfide, chlorobenzene, 
ethylbenzene, n-propylbenzene, naphthalene, o-xylene, p/m-xylene, total 
xylenes, 2,4-dimethylphenol, 3-methylphenol/4-methylphenol, phenol; and 


e 2metals including cadmium, and zinc. 


Demolished Concrete Contaminants of Concern 


Because demolished concrete was processed for use as future surficial fill across the site, 
data are used in an evaluation of potential surface exposures to future industrial 
workers, utility workers, construction workers, and recreational uses. Therefore, the 
screening process for identifying demolished concrete COCs was conducted in the same 
manner as previously described for soil. 


Analytical data from the concrete samples were previously evaluated and compared to 
Method 1 Category S-1 standards in the 2007 Post-RAO OMM Reports (CH2M HILL, 
2008a,b); the concentrations were less than Method 1 S-1 standards and the concrete was 
concluded to be suitable for reuse as fill material. However, based on its future use as 
onsite fill material to be co-mingled with soil, a conservative approach was used and the 
demolished concrete material was evaluated in the same manner as soil in the HHRA. 


The COC screening process for demolished concrete is presented in Exhibit 2-4. For 
metals and PAHs, the maximum detected concrete concentrations were compared to 
background soil values published by MADEP (2002a). The maximum detected 
concentrations of five analytes were below the MADEP soil background levels for 
fluoranthene, arsenic, chromium (VI), lead, and mercury. Therefore, these five analytes 
detected in demolished concrete at the FMA were not retained as COCs in the exposure 
assessment. The following analytes were retained as COCs: 


e 2 VOCs including acetone and p/m-xylene; 
e 1SVOC (phenol); 


e 7 metals including barium, cadmium, total chromium, chromium III, copper, iron, 
and zinc; and 


e 1TPH fraction (C19-C36 Aliphatics). 


Groundwater Contaminants of Concern 


The screening process for groundwater COCs was conducted in the same manner as 
previously described for soil. Analytes were screened against the groundwater 
background levels included in MADEP’s Numerical Standards Spreadsheets (MADEP, 
2009). 


Three groundwater data groupings were used to evaluate potential groundwater 
exposures: 


e All areas of the FMA, based on all groundwater samples in the dataset (for 
evaluating future industrial workers [indoor air] and future construction 
workers [direct contact]); 


e Groundwater adjacent to (immediately upgradient and immediately 
downgradient) the existing office and warehouse only, based on samples 
collected in May 2007 (for evaluating potential indoor air exposures to current 
industrial workers and future recreational users); and 


e Groundwater in the utility corridor only, based on samples collected in 
December 2006 and May 2007 (for evaluating direct contact exposures by 
current/ future utility workers). 


The COC screening process for groundwater in all areas of the FMA is presented in 
Exhibit 2-5. The maximum detected concentrations of cadmium, chromium, and 
mercury were below the MADEP groundwater background levels and were not retained 
as COCs in the exposure assessment. The following analytes were retained as COCs: 


e 37 organic compounds including 1,2,4-trimethylbenzene, 1,2-dichlorobenzene, 
1,2-dichloroethane, 1,3,5-trimethylbenzene, 1,3-dichlorobenzene, 1,4- 
dichlorobenzene, 2,4-dichlorophenol, 2,4-dimethylphenol, 2-methylnaphthalene, 
3-methylphenol/4-methylphenol, 4-methyl-2-pentanone, acetone, benzene, 


benzo[a]pyrene, benzo[b]fluoranthene, benzo[ghi]perylene, chlorobenzene, 
dibenzo[a,h]anthracene, ethylbenzene, fluorene, formaldehyde, indeno[1,2,3- 
cd]pyrene, isopropylbenzene, MTBE, naphthalene, n-butylbenzene, n- 
propylbenzene, o-xylene, p/m-xylene, phenanthrene, phenol, p-isopropyltoluene, 
sec-butylbenzene, styrene, tert-butylbenzene, tertiary-amyl methyl] ether, toluene; 
and 


e 5 metals including arsenic, barium, iron, manganese and zinc. 


Exhibit 2-6 presents the COC screening process for groundwater near the existing office 
and warehouse at the FMA. No MADEP background levels were available for the 
analytes detected in this dataset. Only one VOC (MTBE) was detected in groundwater 
near the office and warehouse at the FMA. Although its maximum detected 
concentration was less than the MADEP GW-2 standard, MTBE was retained as a COC. 


The COC screening process for groundwater along the existing utility corridor within 
the FMA is presented in Exhibit 2-7. The maximum detected concentrations were below 
the MADEP background levels for cadmium, chromium, and mercury. Therefore, these 
three analytes detected in groundwater along the utility corridor were not retained as 
COCs in the exposure assessment. The following analytes were retained as COCs: 


e 28 organic compounds including 1,2,4-trimethylbenzene, 1,2-dichlorobenzene, 
1,3,5-trimethylbenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene, 4-methy1-2- 
pentanone, acetone, benzene, chlorobenzene, ethylbenzene, isopropylbenzene, 
MTBE, n-butylbenzene, n-propylbenzene, naphthalene, o-xylene, p- 
isopropyltoluene, p/m-xylene, toluene, 2,4-dimethylphenol, 2-methylnapthalene, 
benzo[a]pyrene, benzo[b]fluoranthene, benzo[ghi]perylene, fluorene, 
indeno[1,2,3-cd]pyrene, phenanthrene phenol; and 


e 4 metals including arsenic, barium, iron, and zinc. 


Sediment Contaminants of Concern 


The screening process for sediments in the Shawsheen River was conducted in a similar 
manner as described for soil and groundwater. Detected concentrations were screened 
against upstream concentrations and were not retained as COCs if the maximum 
detected concentration was less than the upstream concentration and there was no 
evidence relating the analyte to historic site activities. Additionally, chemicals that were 
not considered bioaccumulative were eliminated as COCs for the fish ingestion pathway. 


Organic chemicals were considered bioaccumulative if their log octanol-water partition 
coefficient (Kow) exceeded three, with the exception of fluoranthene. Fluoranthene was 
not identified as a COC because PAHs are readily metabolized by fish and are not 
expected to bioaccumulate in fish tissue or biomagnify in the food chain (ATSDR, 1995; 
MADEP, 1995). Inorganic chemicals were identified as bioaccumulative based on 
USEPA’s (2000) Bioaccumulation Testing and Interpretation for the Purpose of Sediment 
Quality Assessment - Status and Needs. 


The COC screening process for sediment is presented in Exhibits 2-8 and 2-9 for the 
direct exposure and fish ingestion pathways, respectively. The maximum detected 
concentrations were below the upstream concentrations for arsenic and iron. Therefore, 


arsenic and iron were not retained as COCs in sediment in the exposure assessment. The 
following analytes were retained as COCs in sediment for the direct exposure pathways: 


e 11 organic compounds including 1,2,4-trimethylbenzene, 2-butanone, acetone, 
carbon disulfide, chlorobenzene, ethyl ether, ethylbenzene, isopropylbenzene, o- 
xylene, p/m-xylene, fluoranthene; and 


e 7 metals including barium, cadmium, chromium, copper, lead, mercury, and zinc. 


The following analytes were retained as COCs in sediment for the fish ingestion 
pathway: 


e 5 organic compounds including 1,2,4-trimethylbenzene, ethylbenzene, 
isopropylbenzene, o-xylene, p/m-xylene; and 


e 6 metals including cadmium, chromium, copper, lead, mercury, and zinc. 


Surface Water Contaminants of Concern 


The COC screening process for surface water in the Shawsheen River is presented in 
Exhibit 2-10. The screening process for surface water was conducted in the same 
manner as previously described for sediment. Only one analyte, p/m-xylene, was 
detected in surface water. The maximum detected concentration of p/m-xylene 
exceeded the upstream concentration. Therefore, p/m-xylene was retained as a COC for 
surface water in the exposure assessment. 


Applicable Standards or Criteria 


In this HHRAA, cumulative cancer and non-cancer risks potentially related to residual 
site contaminants were estimated. The residual risks were compared with the MCP 
cumulative risk limits (310 CMR 40.902(2)(b)): an excess lifetime cancer risk (ELCR) of 
1E-05 (one case of cancer in a population of 100,000) and a hazard index (HI) of 1 for 
non-cancer effects . Additionally, exposure point concentrations (EPCs) were compared 
to upper concentration limits (UCLs) in groundwater and soil. As stated in Subpart I of 
the 2008 MCP (310 CMR 40.0993 (7)), “a condition of no significant risk of harm to 
human health exists or has been achieved if: 


1. No EPC of oil and/or hazardous material is greater than an applicable or 
suitably analogous public health standard; 


2. No Cumulative Receptor Cancer risk calculated is greater than the Cumulative 
Risk Limit; and 








3. No Cumulative Receptor Non-cancer risk is greater than the Cumulative 
Receptor Non-cancer Risk limit.” 


These criteria were used in the HHRAA to assess whether a significant risk to human 
health may exist at the FMA and Shawsheen River. 


4 Dose-Response Assessment 


Potential adverse health effects associated with the COCs are described and the toxicity 
data are summarized in this section. The toxicity data are used in Section 6 in 
conjunction with exposure intakes to characterize potential risks to receptors. 


Cancer and Non-cancer Effects and Indices 


The purpose of the dose-response or toxicity assessment is to provide an estimate of the 
relationship between the extent of exposure and the increased likelihood of adverse 
effects. Toxic responses are broadly classified as non-threshold (cancer) effects and 
threshold (non-cancer) effects. The principal indices of toxicity are cancer slope factor 
(CSF) or unit risk factor (URF), and reference dose (RfD) or reference concentration (RfC). 


For dose-response assessment of carcinogens, the United States Environmental 
Protection Agency (USEPA) assumes a zero-threshold (i.e., there is no dose that 
produces zero risk). The CSF is a measure of the ability of a chemical to increase the 
incidence of cancer in exposed populations. A related measure is URF (i.e., incremental 
cancer risk estimated to result from intake of air at a concentration of 1 ug/m> 
[microgram per cubic meter] or water at 1 ug/L [microgram per liter]). These measures 
represent upper-bound (conservative) estimates derived from linearized multistage 
models with the highest possible linear slopes in the 95% confidence limit. 


A second important consideration in evaluating carcinogens is the weight-of-evidence 
classification. This classification is based on available animal, human, and other 
supportive data that suggest the likelihood that the substance is a human carcinogen. 
The USEPA classification is similar, but not identical, to that of the International Agency 
for Research on Cancer (IARC). These classifications are currently under review, but 
Group A and Group B substances have been considered probable human or animal 
carcinogens. The MADEP cumulative cancer risk limit for Group A and B carcinogens is 
one incremental cancer case in a population of 100,000, expressed as 1E-05 or 1 x 10°. 


For non-cancer effects, it is assumed that a level of exposure or dose exists below which 
no adverse health effects would be expected for the general population, including 
sensitive subgroups (e.g., children). Such a threshold, identified by dose-response 
studies, is represented by the RfD for a chemical. This is the average daily dose (ADD) 
or intake of the chemical per unit body weight per day (mg/kg-day). The projected 
dose of COCs via relevant exposure pathways are combined to derive a HI. The 
MADEP non-cancer cumulative risk limit is a HI of 1 for a specific target organ or critical 
effect. 


RfDs are generally applicable to oral and dermal exposures. Similarly, for inhalation 
exposures, RfCs (in mg/m? [milligram per cubic meter]) have been developed for some 
chemicals. Because the local effects on the respiratory system and absorption factors 
may be different for inhalation exposures, conversion of RfC to RfD and vice-versa is not 
generally recommended. 


Toxicity Data for Contaminants of Concern 


The principal sources of toxicity data used in this HHRAA are listed below in order of 
preference: 


e MADEP’s Numerical Standards Spreadsheets (MADEP, 2009); 


e Integrated Risk Information System (IRIS) - USEPA’s on-line database (USEPA, 
2012a); 


e Provisional Peer Reviewed Toxicity Values (PPRTVs) derived by USEPA's 
Superfund Health Risk Technical Support Center (STSC) for the USEPA 
Superfund program; and 


e Health Effects Assessment Summary Tables (HEAST) - USEPA’s hard-copy 
version containing provisional toxicity values (USEPA, 1997). 


Toxicity data, as well as relative absorption factors for the COCs, are summarized in 
Exhibits 3-1 through 3-4. MADEP’s Numerical Standards Spreadsheets were used as 
the primary toxicity data source. When a chemical had more recent quantitative toxicity 
values available from USEPA IRIS or PPRTVs, their values were used. The IRIS toxicity 
values and PPRTVs were obtained from the USEPA’s Regional Screening Level Table 
(USEPA, 2012b) and the IRIS values were verified with the original online source 
(http:/ / www.epa.gov/iris). 


5 Exposure Assessment 


Potential exposures to site media were evaluated based on current and anticipated 
future land use for the FMA and the Shawsheen River. 


Exposure Pathways 


Exposure is contact with, or access to, a contaminant. An exposure pathway is the 
pathway for contaminants from the source to a receptor via environmental media, 
generally air (volatile compounds, airborne particulates), water (soluble compounds), or 
soil. An exposure route denotes how the transfer occurs (i.e., by inhalation, ingestion, or 
dermal contact). An environmental risk may exist only when there is a complete 
pathway. 


For an exposure pathway to be complete now or in the future, it must consist of five 
elements: (1) a source, (2) a release mechanism, (3) a transport medium for released 
constituents, (4) a point of contact with contaminated media, and (5) intake or uptake 
routes at the point of contact by a receptor. Without all these elements, an exposure 
pathway is considered incomplete and, therefore, would not contribute to risk by that 
particular pathway. 


When evaluating potential exposure pathways, current and future land use, site sources, 
exposure pathways, and potential receptors were considered. Complete exposure 
pathways are summarized in the CSM in Exhibit 1-1. Exposure factors and assumptions 
are presented in Exhibit 4-1. These two exhibits provide the potential exposure profiles 
based on a combination of site-specific data and the MADEP default exposure factors. 


This information is used for quantifying potential exposures at the FMA and Shawsheen 
River. 


The FMA is zoned Industrial A, which allows most industrial and office uses. A current 
industrial scenario and future industrial and recreational scenarios were evaluated for 
the FMA. These scenarios are further described as follows: 


e Current industrial workers - Portions of the FMA are currently leased as a laydown 
area for construction equipment, and workers and a site security guard may be 
present on an intermittent basis. Although these workers are not involved in 
invasive soil activities at the site, current workers may occasionally be exposed to 
surface soil (ingestion, inhalation of outdoor dust and volatiles, and dermal contact) 
and indoor air at existing buildings (inhalation of volatile constituents that have 
migrated from groundwater to indoor air); 


e Future industrial workers - If the site is developed as an industrial facility in the 
future, industrial workers may be exposed to soil (ingestion, inhalation of outdoor 
dust and volatiles, and dermal contact), demolished concrete (ingestion, inhalation 
of dust and volatiles, and dermal contact), and indoor air at a building that may be 
constructed anywhere on-site (inhalation of volatile constituents that have migrated 
from groundwater to indoor air); 


e Future recreational users (adult and youth [7 to 18 years of age]) - If the site is 
developed for recreational use in the future, recreational users may be exposed to 
soil (ingestion, inhalation of outdoor dust and volatiles, and dermal contact), 
demolished concrete (ingestion, inhalation of outdoor dust and volatiles, and dermal 
contact), and indoor air at future buildings constructed anywhere on-site (inhalation 
of volatile constituents that have migrated from groundwater to indoor air); 





e Future construction workers - During future site redevelopment, construction 
workers may be exposed to soil (ingestion, inhalation of outdoor dust and volatiles, 
ingestion of inhaled dust, and dermal contact), demolished concrete (ingestion, 
inhalation of outdoor dust and volatiles, and dermal contact), and groundwater 
(inhalation of volatile constituents and dermal contact during excavation activities) 
anywhere on-site. 


e Current utility workers - During emergency repairs to utilities in the existing utility 
corridor, current utility workers may be exposed to soil (ingestion, inhalation of 
outdoor dust and volatiles, ingestion of inhaled dust, and dermal contact) and 
groundwater (inhalation of volatile constituents and dermal contact during 
excavation activities) in the existing utility corridor. 


e Future utility workers - During emergency repairs to utilities in the existing utility 
corridor, future utility workers may be exposed to soil and demolished concrete 
(ingestion, inhalation of outdoor dust and volatiles, ingestion of inhaled dust, and 
dermal contact), and groundwater (inhalation of volatile constituents and dermal 
contact during excavation activities) in the existing utility corridor. 


The current/future exposure pathways that were quantified for a recreational user 
(adult and youth [7 to 18 years of age]) at the lower Shawsheen River consist of 


ingestion and dermal contact with surface water, dermal contact with sediment, and 
ingestion of fish. 


Exposure Quantification 


This step involves estimation of EPCs for COCs and calculation of exposure (or dose). 
The quantification of potential exposure (dose) involves equations with three sets of 
variables: (1) chemical concentrations in environmental media of interest - soil, concrete, 
groundwater, surface water, sediment, air (ambient and indoor), and fish; (2) exposure 
rates (magnitude, frequency, and duration); and (3) biological characteristics of receptors 
(body weight, dermal and gastrointestinal absorption, and life span). 


Exposure Point Concentrations 


EPCs are derived from measured, monitored, and/or modeled data. Ideally, exposure 
concentrations should be measured at the points of direct contact between the 
environmental media and receptors. It is possible to identify potential receptors and 
exposure points from field observations and other information. However, it is seldom 
possible to anticipate all potential exposure points now and in the future and measure 
environmental concentrations under all conditions. The EPCs used in the HHRAA are 
presented in Exhibits 2-1 through Exhibit 2-10. 


EPCs were determined using MADEP’s methodology presented in Subpart I of the 2008 
MCP (310 CMR 40.0926). As stated in the MCP (310 CMR 40.0926), “for chronic and 
subchronic exposures (other than for screening evaluations), the arithmetic average of 
site data is acceptable as an Exposure Point Concentration, provided either of the 
following criteria are met: 


1. For discrete or composite samples, the arithmetic average is less than or 
equal to the applicable standard or risk-based concentration limit, 75% of 
the data points used in the averaging procedure are equal to or less than 
the applicable standard or risk-based concentration limit, and no data 
point used in the averaging is ten times greater than the applicable 
standard or risk-based concentration limit; or 


2. A valid justification is provided indicating that the sample mean is 
unlikely to substantially underestimate the true mean of _ the 
concentration of oil or hazardous material at the Exposure Point. Such a 
demonstration should include, but need not be limited to, consideration 
of the observed distribution of the data, sampling strategy (including 
frequency, density, and potential biases), graphical representation of 
analytical results, and/or statistical analyses.” 


Proxy substitution of 2 the reporting limit was made for non-detected concentrations 
when calculating the arithmetic average. For the concrete data, reporting limits were not 
provided by the laboratory so only the detected concentrations were used to calculate 
the arithmetic average. The data groups used in the HHRAA meet the criterion #1 
(Exhibit D-2 through D-5 in Appendix D); therefore, arithmetic average concentrations 
of COCs were used in the exposure estimation. With the exception of the indoor air 


pathway, arithmetic averages of COCs were calculated for the data groupings and used 
as EPCs for the intake calculations and to model fish tissue concentrations and ambient 
air concentrations in an excavation. A simplifying assumption was made that EPCs at 
the site will remain constant over time; no allowance was made for dissipation, 
attenuation, or degradation. 


As a conservative approach, the maximum detected concentrations in groundwater were 
used as input concentrations to the Johnson and Ettinger Model (JEM) to estimate 
current indoor air concentrations at the two existing buildings on-site. Future indoor air 
concentrations were estimated based on maximum detected concentrations in 
groundwater since a building may be constructed anywhere on-site in the future. 


Soil 
Three sets of EPCs were calculated for soil: 


e the 0-2 ft interval anywhere within the FMA (for evaluating potential risk to 
current industrial workers and future recreators); 


e the 0-6 ft interval anywhere within the FMA (for evaluating potential risk to 
future industrial workers and future construction workers); and 

e the 0-6 ft interval along the existing utility corridor in the FMA (for evaluating 
potential risk to current/ future utility workers). 


Demolished Concrete 

One set of EPCs was calculated for demolished concrete assuming that the processed 
concrete would be reused as surficial fill across the site and receptors could come in 
contact with this fill material. 


Groundwater 
Three sets of EPCs were calculated for groundwater: 


e all areas of the FMA (for evaluating future industrial workers [indoor air], future 
recreational users [indoor air], and future construction workers [direct contact]); 


e adjacent to the office and warehouse only (for evaluating indoor air exposures to 
current industrial workers); and 


e the existing utility corridor only (for evaluating current/future direct contact 
exposures to utility workers). 


The EPCs in ambient air resulting from volatilization of constituents in groundwater in 
an open excavation were calculated using a two-film volatilization model (USEPA, 1991). 
The model is used to estimate emissions from the groundwater surface based on an 
overall mass transfer coefficient that incorporates two resistances to mass transfer in 
series, the liquid-phase resistance and the gas-phase resistance. The model’s default 
input values (USEPA, 1988) were used in conjunction with site-specific values to 
estimate EPCs in ambient air. The assumptions used in the model are presented in 
Appendix A (Table A-2-14. Supplement A and Table A-4-14.Supplement A). 


The EPCs for indoor air were modeled using the JEM, Version 3.1 (USEPA, 2004). The 
MADEP’s default parameters (MADEP, 2006) for the JEM were used to model current 
indoor air concentrations, as recommended in the Vapor Intrusion Guidance (MADEP, 
2011). The input parameters used in the model are presented in Appendix C (Table C- 
4), and the model output is provided in Table C-5. 


Surface Water and Sediment 

Surface water and sediment EPCs were calculated using data collected from the 
Shawsheen River. The EPCs for fish ingestion were modeled using sediment 
concentrations because only one chemical was detected in surface water (p/m-xylene) 
and this chemical was also detected in sediment. Generally, biota-to-sediment 
accumulation factors (BSAFs) and sediment concentrations are preferred over the use of 
t surface water biological accumulation factors (BAFs) and surface water concentrations 
because the BSAF accounts for multi-pathway fish uptake of COCs from surface water, 
sediment, and food items and biomagnification and trophic transfer via the food chain. 


The BSAFs used to model fish tissue concentrations for inorganic COCs were obtained 
from the Washington Department of Ecology (1995). BSAFs were not available for the 
organic COCs identified for the fish ingestion pathway; therefore, a default value of one 
was used as the BSAF for organic COCs. The BSAFs used for the fish tissue modeling 
and the estimated EPCs in fish tissue are presented in Exhibit 2-9 Supplement. The 
parameters used to derive fish EPCs in units of mg of chemical per kg of fish fillet on a 
wet weight basis included: a site-specific organic carbon content in river sediment (0.985 
percent [%]), the USEPA’s (2000) default value for fish lipid content (5%), and the 
USEPA’s (1993) default value for percent moisture in fish fillets (75%). 


Hot Spot Analysis 


The presence of Hot Spots was evaluated for each exposure medium with the exception 
of demolished concrete because it was assumed that demolished concrete would be 
spread over the site (as fill material) rather than placed in a single area (Exhibit D-6 
through D-8 in Appendix D). As presented in Subpart A of the 2008 MCP (310 CMR 
40.0006 (a)), a Hot Spot is defined as; 


(a) Discrete areas where the average concentration within the area is greater than ten but 
less than one hundred times the average concentration in the immediate surrounding 
area is a Hot Spot unless there is no evidence that the discrete area would be associated 
with greater exposure potential than the surrounding area. In all cases, a discrete area 
where the concentration of an oil or hazardous material is greater than one hundred times 
the concentration in the surrounding area shall be considered a Hot Spot. In no case shall 
concentrations of oil or hazardous material equal to or less than an applicable Method 1 
standard be considered indicative of a Hot Spot. 


The maximum detected concentration of 16 COCs in soil (0-6 ft bgs) exceeds 10 times 
their respective average concentrations and Method 1 S-2/GW-2 standards but are less 
than 100 times the average concentrations. There is no evidence that the locations of 
these elevated concentrations would be associated with greater exposure potential than 
the surrounding area; therefore, these sampling locations were not identified as Hot 
Spots. 


Equations for Quantifying Exposure and Dose 


The general equation for calculating average daily exposure (ADE) or dose (ADD) is of 
the form: 


ADD = total quantity of contaminant contacted 
body weight * averaging period 


The specific exposure factors and assumptions used for the receptors and exposure 
pathways at the site are presented in Exhibit 4-1. The equations used to calculate the 
ADE or ADD were obtained from Section 7.3.3 of the MADEP’s Guidance for Disposal Site 
Risk Characterization (MADEP, 1995) and are included in Tables A-1-1 to A-6-12 in 
Appendix A for potential current and future receptors at the FMA and Tables B-1-1 to 
B-2-8 in Appendix B for potential current and future receptors at the Shawsheen River. 
Interim calculations for the exposure factors are provided in Tables C-1 through C-3 in 
Appendix C. The ADDs estimated in this HHRAA are likely to represent reasonable 
maximum exposure (RME), defined as the maximum exposure that is reasonably 
expected to occur at a site. Thus, the exposure estimates in the HHRAA will likely be 
biased toward overestimating rather than underestimating potential public health risks 
associated with site COCs. 


6 Risk Characterization 


In this step, the results of the hazard identification and toxicity and exposure 
assessments are integrated to arrive at quantitative estimates of risk. Risk 
characterization is the bridge between risk assessment and risk management. An 
important aspect of risk characterization is the identification of uncertainty, including 
key assumptions, underlying the risk estimates. The numerical risks, therefore, should 
not be viewed in isolation, but in the context of the conditions existing or likely to exist 
at the site. 


Cancer Risk 


The potential for the development of cancer is expressed in terms of ELCR. This is the 
incremental probability of an individual developing cancer over a lifetime from 
exposure to a potential carcinogen. Since cancer effects are assumed to exhibit no safe 
thresholds, the risk of cancer exists for all carcinogen exposure no matter how small the 
dose might be. For low doses typical of environmental exposures, cancer risks are 
estimated with the following linear equation: 


For ingestion or dermal contact: 


ELCR = ADD (mg/kg-day) x CSF (mg/kg-day)* 


For inhalation exposures: 
ELCR = ADE (mg/m3) x URF (mg/m3)71 


An ELCR of one in 100,000 for Group A and B carcinogens is considered to be the upper 
limit of MADEP regulatory guidelines. 


Non-Cancer Risk 


The potential for non-cancer effects to occur is assessed by comparing estimated 
chemical doses with corresponding RfDs that are considered to be safe thresholds. The 
RfD or RfC is considered to be a safe threshold for the general population including 
sensitive subgroups. The Hazard Quotient (HQ) for a single COC or HI for multiple 
COCs and/or exposure pathways is estimated as follows: 


For ingestion or dermal contact exposures: 


HQ = ADD (mg/kg-day) 
RfD (mg/kg-day) 





For inhalation exposures: 


HQ = ADE (mg/m?) 
RfC (mg/m!) 


Cumulative HI = »} HQs for different chemicals and exposure routes 


A cumulative HI of 1 or less indicates that the receptor’s exposure is within the 
acceptable limit and no adverse effects are likely to occur. Therefore, a HI of 1 or less 
indicates no significant risk of non-cancer health effects. 


Risk Estimates and Comparisons 


The potential ELCRs and non-cancer HIs associated with exposures to site COCs are 
summarized below. Detailed calculations are provided in Appendices A and B and a 
summary of the ELCRs and Hs is presented in Exhibit 5-1 and indicated below. With 
the exception of the indoor air pathway under a future scenario, the risk and HI 
estimates are within the MCP limits of 1E-5 for ELCR (for Group A and B carcinogens) 
and HI of 1 for non-cancer effects, as discussed below: 


e Current industrial worker (soil and indoor air) - ELCR = 4E-09 and HI = 0.006 
for soil; HI = 0.000002 for indoor air. 


e Current utility worker (soil and groundwater) - ELCR = 5E-11 and HI = 0.001 for 
soil; ELCR = 2E-9 and HI = 0.002 for groundwater. 


e Future utility worker (soil, groundwater, and demolished concrete) - ELCR = 5E- 
11 and HI = 0.001 for soil; ELCR = 2E-9 and HI = 0.002 for groundwater; ELCR = 
2E-12 and HI = 0.0004 for demolished concrete. 


e Current/future Shawsheen River recreational user (sediment, surface water, 
and fish) - total HI = 0.2 (adult) and 0.3 (youth) for all media. 


e Future industrial worker (soil; demolished concrete; indoor air) - ELCR = 1E-06 
and HI = 0.03 for soil; ELCR = 7E-10 and HI = 0.006 for demolished concrete; 
ELCR = 9E-06 and HI = 13 for indoor air, primarily associated with 1,2,4- 
trimethylbenzene and m/ p-xylene. 


e Future construction worker (soil; demolished concrete; groundwater) - ELCR = 
3E-07 and HI = 0.7; ELCR = 2E-07 and HI = 0.4 for concrete; ELCR = 5E-08 and 
HI = 0.1 for groundwater. 


e Future onsite recreational user (soil; demolished concrete; indoor air) - ELCR = 
9E-10 (adult) and 4E-10 (youth), and HI = 0.001 (adult) and 0.002 (youth) for soil; 
ELCR = 2E-10 (adult) and 6E-11 (youth), HI = 0.002 (adult) and 0.004 (youth) for 
concrete; ELCR = 9E-06 and HI = 13 for indoor air (risk estimates for future 
industrial workers were used to conservatively represent risks for future onsite 
recreational adults and youth). 


Comparison to UCLs 


All of the EPCs calculated for the COCs in groundwater and soil were below the 
MADEP’s UCLs presented in the MCP Numerical Standards Spreadsheets (MADEP, 
2009). 


Uncertainty in Risk Estimates 


Uncertainty is inherent in every step of risk assessment from hazard identification to 
risk characterization. Sources of uncertainty include natural variability of the 
contaminants within affected environmental media and human response to exposure, 
measurement accuracy, model validity, and level of understanding of the actual health 
effects that contaminants have on human receptor populations. To appreciate the 
limitations of the risk estimates, it is important to understand the nature and magnitude 
of uncertainty. Sources of uncertainty and their tendency to over- or under-estimate 
risks at the site are briefly described below. 


Contaminant Identification 


Chemical concentrations in soil and groundwater at the site have been derived from 
several rounds of sampling over a number of years, but environmental media 
concentrations tend to vary over time and space, often by orders of magnitude. In 
general, the samples were analyzed for VOCs and SVOCs, including phenolics 
associated with historic operations at the facility, extractable petroleum hydrocarbons, 
volatile petroleum hydrocarbons, and selected inorganics (selected due to their elevated 
concentrations). It is expected that the most significant site-related contaminants in soil, 
groundwater, surface water, and sediment at the site have been identified. 


Toxicity Data 


Toxicological dose-response data are derived primarily from laboratory animal 
experiments. In extrapolating animal data to predict effects in humans, various 
uncertainty and modifying factors (safety factors) are used to account for the differences 
between and within species (inter- and intra-species), exposure periods (acute or 
subchronic to chronic), and doses (high to low). The CSFs are upperbound 95% 


confidence limits derived from linearized multi-stage models. Also, virtually complete 
inhalation and oral absorption and bioavailability are assumed from environmental 
matrices. These models and assumptions are likely to substantially overestimate risk. 


For a few chemicals detected at the site, quantitative toxicity data are not available for 
specific exposure pathways. For example, 1,2,4-trimethylbenzene does not have a 
published RfD for the oral route. Exclusion of such chemicals from the quantitative risk 
assessment leads to an underestimation of site risk. 


In this HHRAA, the MADEP numerical standard workbook (MADEP, 2009) was used as 
the primary toxicity information source, supplemented by the most recent toxicity 
information in USEPA IRIS and PPRTV. It is acknowledged that some VOCs have 
varying degrees of evidence for carcinogenicity in humans and other environmental 
regulatory agencies may consider them carcinogens. For instance, ethylbenzene is 
classified as Group 2B carcinogen (possibly carcinogenic to humans) by the International 
Agency for Research on Cancer and California Environmental Protection Agency has 
identified a quantitative toxicity value for ethylbenzene, which is presented in the 
USEPA RSL table as a Tier III toxicity value, based on adequate evidence of a 
carcinogenic effect in test animals (rats and mice). Exclusion of these Tier III toxicity 
values from the quantitative risk estimates may lead to an underestimation of site risk. 


Exposure Estimates 


In this assessment, some exposure factors are based on site-specific observations while 
others are based on MADEP conservative default factors, which cumulatively may tend 
to overestimate potential exposures. 


At present, there is no specific receptor population that is likely to be exposed over the 
long-term to site contaminants. Because the site is currently used as an equipment lay- 
down area and there is uncertainty regarding future occupants and their activities in 
specific areas of the FMA, average chemical concentrations detected in the 
environmental media are used directly as EPCs for current and future exposures. No 
allowance is made for dilution, biodegradation and natural attenuation over time. Since 
some of the contaminants identified at the site are low molecular weight organic 
compounds subject to biodegradation, the use of currently detected media 
concentrations as future EPCs is likely to overestimate future health risks. 


Significant uncertainty exists in the modeled fish tissue concentrations and resulting risk 
estimates due to the available BSAFs used for estimating fish concentrations. The COC 
concentrations in fish tissue were modeled using sediment concentrations from the 
lower Shawsheen River and BSAFs obtained from the Washington Department of 
Ecology (1995). However, the extent of actual bioaccumulation is site-specific and 
depends on various factors (e.g., fish species, specific part of the fish, and organic carbon 
content of the sediment). Therefore, the literature-based BSAFs may not represent the 
site-specific bioaccumulation that occurs in fish from the lower Shawsheen River. BSAFs 
were not available for the organic COCs; therefore, a default value of one was used to 
model fish concentrations. The use of default and literature-based BSAF values may 
over- or underestimate actual COC concentrations in fish tissue and potential exposures. 


Based on discussions with a potential purchaser of the property, the most likely future 
use of the FMA is recreational (i.e., soccer fields). It is expected that the recreational user 
exposure scenarios quantified in this HHRAA are conservative enough to represent 
various recreational scenarios. Risks were calculated for youths (ages 7-18) and adults 
using the site for 3 days per week during April through October for a period of 11 years. 
The risks quantified for youths are expected to be conservative enough to represent 
potential risks to younger children who may occasionally visit the site with their parents 
during recreational activities. 


Risk Characterization 


In accordance with the approach used by MADEP and USEPA, as a simplification, 
potential risks associated with multiple COCs, exposure pathways, and exposure routes 
are assumed to be additive. In reality, the effects of multiple chemical exposures could 
be additive, synergistic, or antagonistic. Baseline HHRAs typically address only site- 
related risks, while the public is exposed to multiple chemical, physical, and biological 
hazards via multiple pathways. Their interactive and cumulative effects are complex 
and extremely difficult to predict. In HHRA, there is an implicit assumption that, 
overall, they balance out, and that using a series of conservative assumptions about a 
known source comprise a prudent public health policy. For the reasons identified above, 
the site-related health risk estimates in this HHRAA are more likely to be overestimates, 
rather than underestimates, of site risk. 


Indoor Air Evaluation 


There is considerable uncertainty associated with the use of the JEM to estimate indoor 
air concentrations for risk estimates. The JEM was considered a screening model with 
the intent that actual indoor air concentrations should not be higher than the modeled 
concentrations. However, this model has been subject to only limited validation by the 
USEPA. Consequently, the correlation between model predictions and actual conditions 
is not clearly understood. Parameters required for implementing the JEM include soil 
properties (e.g., porosity, moisture content, and bulk density), building properties (e.g., 
vapor flow rate into building), chemical properties (e.g., VOC concentrations in 
groundwater, soil, and soil gas), and exposure assumptions for the various receptor 
populations. The input values used for these parameters were the generic assumptions 
provided in the MADEP’s JEM spreadsheets used to develop the GW-2 Standards 
(MADEP, 2011). In accordance with the MADEP VI Guidance, site-specific assumptions 
were not used in the model. Therefore, levels of uncertainty with each parameter vary 
from low to high depending on the parameter. 


The assumptions used in the JEM for estimating indoor air concentrations may either 
result in potential exposures and risks being under- or over-stated. Uncertainties 
associated with the assumptions of the model include the following: 


e The EPC is based on a modeling method and is not a direct measurement and any 
uncertainty associated with the model will affect the uncertainty in the exposure 
estimate. Indoor air concentrations are not likely to be at steady state and probably 
will fluctuate over the short-term and long-term. 
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e The model assumes that the EPC (based on the maximum detected groundwater 
concentration) is present uniformly under the building footprint, overstating 
potential VI; concentrations in groundwater in proximity to the building may differ 
than those used in the modeling. Depending on the concentrations closest to the 
building, the indoor air concentrations used in the HHRAA might have either been 
under- or over-stated. 


e One of the primary practical limitations when the JEM is applied to specific 
buildings is that the model assumes vertical upward migration into a building 
directly above the groundwater. However, the groundwater concentrations used as 
the source to indoor air were measured in monitoring wells not directly adjacent to 
the specific buildings. When a building is located in an adjacent area, the actual 
measured indoor air concentrations could differ significantly from those predicted. 


e Inthe estimation of indoor air concentrations from groundwater, the HHRAA 
conservatively assumed the industrial scenario building dimensions were 
comparable to that of the default residential scenario building dimensions. 
However, the industrial buildings may be much larger. 


For comparison, indoor air risks were recalculated using indoor air EPCs based on 
average concentrations for the groundwater wells with the highest detected 
concentrations for COCs either exceeding the GW-2 criteria or exceeding the MCP limits 
of 1E-5 for ELCR and HI of 1. The model output for the analytes exceeding the GW-2 
criteria or the MCP limits is provided in Appendix C, Table C-6; the average 
groundwater concentration for each analyte is also provided. Detailed calculations are 
provided in Appendix A, Tables A-3-18 and A-3-19. Indoor air risk estimates for the 
future industrial worker are an ELCR = 8E-06 and HI = 9, primarily associated with 
1,2,4-trimethylbenzene. Therefore, it was concluded that indoor air risks for future 
buildings constructed onsite may exceed MADEFP target risk levels. 


7 Summary of Results and Findings 


Cancer and Non-cancer Health Risks 


Current industrial scenarios, as well as future industrial and recreational scenarios, were 
evaluated for the FMA. These scenarios included the following receptors: 


e Current and future industrial workers 

e Future on-site recreational users (adult and youth) 
e Future construction workers 

e Current and future utility workers 


The ELCR and non-cancer hazard estimates are summarized below and compared to the 
MCP limits of 1E-5 for ELCR (for Class A and B carcinogens) and a HI of 1 for non- 
cancer effects. 
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Current Scenarios - The estimated ELCR and non-cancer hazards for potential current 
exposures to soil, demolished concrete, groundwater, and indoor air at the FMA are 
within MCP limits. Similarly, the estimated risks for potential current exposures to 
surface water, sediment, and fish in the Shawsheen River are within MCP limits. 


Future Scenarios - The estimated ELCR and non-cancer hazards for potential future 
exposures to soil, demolished concrete, and groundwater at the FMA are within MCP 
limits. However, vapor modeling from recent groundwater data suggests non-cancer 
hazards for potential exposure to indoor air at future buildings constructed within the 
FMA could exceed the MCP non-cancer hazard limit, if no engineered controls (e.g. gas 
vapor barriers and passive sub-slab venting) are utilized to limit vapor migration into 
new structures. This is due primarily to the constituents 1,2,4-trimethylbenzene and 
m/ p-xylene. Further intrinsic bioremediation is expected to continue the downward 
trend in these and other VOC constituents into the future. The estimated risks for 
potential future recreator exposures to surface water, sediment, and fish in the 
Shawsheen River are within MCP limits. 
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EXHIBIT 1-1 
Conceptual Site Model: Exposure Media, Potential Receptors, and Exposure Routes 
Reichhold, Inc., Andover, Massachusetts 








Timeframe Exposure Medium Potential Receptor | Exposure Remarks 
Receptors Age Route 
Current Industrial Worker Adult Dermal __|Industrial workers could contact surface soil while working at the site. 


Soil (0-2 ft bgs) at FMA 





Ingestion |Industrial workers could contact surface soil while working at the site. 
Inhalation |Industrial workers could inhale fugitive emissions from surface soil while working at the site. 
Industrial workers could access current buildings and may inhale volatile constituents in groundwater that have 


















































Groundwater at FMA Industrial Worker Adult Inhalation | . if 
migrated to indoor air. 
Future/Current | Soil (0-6 ft bgs) at FMA Utility Worker Adult Essie Utility workers could contact surface and subsurface soil that has been commingled while performing utility activities 
along the utility corridor. 
Ingestion Utility workers could contact surface and subsurface soil that has been commingled while performing utility activities 
along the utility corridor. 
. Utility workers could inhale fugitive emissions from surface and subsurface soil that has been commingled while 
Inhalation - wi ed ors A 
performing utility activities along the utility corridor. 
Groundwater at FMA Utility Worker Adult Dermal |Utility workers could contact groundwater during excavation activities. 
Inhalation | Utility workers could inhale volatile constituents from groundwater during excavation activities. 
Sediment at Shawsheen River Recreator Adult Dermal |Recreators could come into direct contact with sediment while wading. 
River Youth! Dermal |Recreators could come into direct contact with sediment while wading. 
Surface Water at the River Recreator Adult Ingestion |Recreators could splash surface water into mouth while wading. 
Shawsheen River Dermal |Recreators contact surface water while wading. 
Youth' Ingestion |Recreators could splash surface water into mouth while wading. 
Dermal |Recreators contact surface water while wading. 
Fish from Shawsheen River Recreator Adult Ingestion |Recreational anglers could consume fish caught in the Shawsheen River. 
River? Youth' Ingestion |Recreational anglers could consume fish caught in the Shawsheen River. 
Future Onsite Recreator Adult Dermal |Recreators could contact surface soil while visiting the site. 


Soil (0-2 ft bgs) at FMA 





Ingestion |Recreators could contact surface soil while visiting the site. 

Inhalation |Recreators could inhale fugitive emissions from surface soil while visiting the site. 

Youth' Dermal |Recreators could contact surface soil while visiting the site. 

Ingestion |Recreators could contact surface soil while visiting the site. 

Inhalation |Recreators could inhale fugitive emissions from surface soil while visiting the site. 

It is conservatively assumed that current subsurface soil could be present at the surface in the future following 
Industrial Worker Adult Dermal construction activities. Industrial workers could contact current subsurface soil present at the surface in the future while 
working at the site. 

It is conservatively assumed that current subsurface soil could be present at the surface in the future following 
Ingestion |construction activities. Industrial workers could contact current subsurface soil present at the surface in the future while 
working at the site. 

It is conservatively assumed that current subsurface soil could be present at the surface in the future following 
Inhalation |construction activities. Industrial workers could inhale fugitive emissions from current subsurface soil present at the 
surface in the future while working at the site. 

Construction workers could contact surface and subsurface soil that has been commingled while performing 
construction activities at the site. 

Construction workers could contact surface and subsurface soil that has been commingled while performing 
construction activities at the site. 

Construction workers could inhale fugitive emissions from surface and subsurface soil that has been commingled while 
performing construction activities at the site. 

Industrial Worker Adult Dermal __|Industrial workers could contact surface fill while working at the site. 

Ingestion |Industrial workers could contact surface fill while working at the site. 

Inhalation |Industrial workers could inhale fugitive emissions from surface fill while working at the site. 

Utility Worker Adult Dermal Utility workers could contact surface fill while performing utility activities along the utility corridor. 

Ingestion |Utility workers could contact surface fill while performing utility activities along the utility corridor. 

















Total Soil (0-6 ft bgs) at 
FMA 











Construction Worker Adult Dermal 





Ingestion 





Inhalation 








Demolished Concrete® 














Inhalation |Utility workers could inhale fugitive emissions from surface fill while performing utility activities along the utility corridor. 





Construction Worker Adult Dermal |Construction workers could contact surface fill while performing construction activities at the site. 

Ingestion |Construction workers could contact surface fill while performing construction activities at the site. 

Construction workers could inhale fugitive emissions from surface fill while performing construction activities at the 
site. 

Onsite Recreator Adult Dermal |Recreators could contact surface fill while visiting the site. 

Ingestion |Recreators could contact surface fill while visiting the site. 

Inhalation |Recreators could inhale fugitive emissions from surface fill while visiting the site. 

Youth' Dermal |Recreators could contact surface fill while visiting the site. 

Ingestion |Recreators could contact surface fill while visiting the site. 

Inhalation |Recreators could inhale fugitive emissions from surface fill while visiting the site. 

Industrial workers are assumed to primarily work indoors and therefore may inhale volatile constituents in groundwater 
that have migrated to indoor air. 

Adult Dermal |Construction workers could contact groundwater during excavation activities. 

Inhalation |Construction workers could inhale volatile constituents from groundwater during excavation activities. 

Recreators could access current buildings and may inhale volatile constituents in groundwater that have migrated to 








Inhalation 























Groundwater at FMA Industrial Worker Adult Inhalation 





Construction Worker 


























Recreator Adult Inhalation |. “ 
indoor air. 
1 F Recreators could access current buildings and may inhale volatile constituents in groundwater that have migrated to 
Youth Inhalation indoor air 





Note: 

' Recreational youth is assumed to be an adolescent (7 to 18 years of age). 

ez Exposure point concentrations for fish ingestion were modeled based on sediment concentrations. 
° Demolished concrete has been processed for reuse as surficial fill at the FMA. 

FMA = Former Manufacturing Area 














EXHIBIT 2-1 
Occurrence and Distribution of COCs in 0-2 Ft Soil 
Reichhold, Inc., Andover, Massachusetts 























Receptors: 
Current Industrial Worker 
Future Onsite Recreational Adult 
Future Onsite Recreational Youth 
Exposure Medium: Soil (0-2 ft bgs) 
Location of 
Minimum Maximum Maximum EPC > 
Exposure Detected Detected Detected Detection | Background EPC Maximum | MADEP Soil 
Point Chemical CAS Number| Units | Concentration | Concentration| Concentration | Frequency | Value’ | COC Flag’ | (mg/kg)’_| Detected | UCL* (mg/kg) 
Soil (0-2 ft |1,2,4-Trimethylbenzene 95-63-6 mg/kg 3.54E+00 2.00E+02 GP-3 3/19 N/A Yes 1.11E+01 no N/A 
bgs) at FMA |1,3,5-Trimethylbenzene 108-67-8 mg/kg 1.78E+00 8.10E+01 GP-3 3/19 N/A Yes 4.66E+00 no N/A 
Acetone 67-64-1 mg/kg 1.20E-02 1.00E-01 MFSB8& 5/29 N/A Yes 9.17E-01 yes 1.00E+04 
Ethylbenzene 100-41-4 mg/kg 1.00E-02 1.50E+01 GP-13 6/30 N/A Yes 9.18E-01 no 1.00E+04 
lsopropylbenzene 98-82-8 mg/kg 2.30E-01 2.30E-01 GP-12 1N9 N/A Yes 1.08E-01 no N/A 
n-Butylbenzene 104-51-8 mg/kg 2.60E+01 2.60E+01 GP-3 1/19 N/A Yes 1.40E+00 no N/A 
n-Propylbenzene 103-65-1 mg/kg 1.57E-01 J] 6.20E+00 GP-3 2/19 N/A Yes 3.75E-01 no N/A 
Naphthalene 91-20-3 mg/kg 7.60E-02 J] 1.90E+01 GP-3 3/19 N/A Yes 1.11E+00 no 1.00E+04 
Methyl tert butyl ethe 1634-04-4 mg/kg 2.03E-01 2.03E-01 TP-3A 1/19 N/A Yes 1.87E-01 no 5.00E+03 
Methylene chloride 75-09-2 mg/kg 1.50E-02 1.46E-01 TP-3A 3/29 N/A Yes 7.13E-01 yes 1.00E+04 
o-Xylene 95-47-6 mg/kg 2.30E-01 1.20E+01 GP-13 6/19 N/A Yes 1.36E+00 no 1.00E+04 
p-lsopropyltoluene 99-87-6 mg/kg 2.16E-01 2.16E-01 TP-3A 1N9 NIA Yes 1.05E-01 no N/A 
p/m-Xylene OER-100-48 | mg/kg 2.20E-03 7.70E+01 GP-3 8/19 N/A Yes 6.73E+00 no 1.00E+04 
Total Xylenes 1330-20-7 mg/kg 6.00E-03 7.09E-01 TP-3A 5/23 N/A Yes 2.22E-01 no 1.00E+04 
2,4-Dimethylpheno 105-67-9 mg/kg 4.20E-01 4.20E-01 GP-13 1/21 N/A Yes 1.90E-01 no 1.00E+04 
3-Methylphenol/4-Methylphenc OER-101-66 | mg/kg 1.30E+00 1.30E+00 GP-13 1/21 N/A Yes 2.84E-01 no N/A 
Phenol 108-95-2 mg/kg 3.00E-02 J] 4.50E+00 GP-13 6/21 N/A Yes 5.61E-01 no 1.00E+04 
Benzo(a)pyrene 50-32-8 mg/kg 3.10E-01 J] 3.10E-01 J UB-1 116 2.00E+00 No ae yes 3.00E+02 
Benzo(b)fluoranthene 205-99-2 mg/kg 3.30E-01 J | 4.42E-01 J UB-1 2/10 2.00E+00 No ae yes 3.00E+03 
bis(2-Ethylhexyl)phthalate 117-81-7 mg/kg 4.20E-01 4.20E-01 MFSB18 1/10 N/A Yes 2.64E-01 no 1.00E+04 
Chrysene 218-01-9 mg/kg 2.98E-01 J | 2.98E-01 J UB-1 1/10 2.00E+00 No act yes 1.00E+04 
Fluoranthene 206-44-0 mg/kg 3.14E-01 J] 4.33E-01 J TP-2 3/10 4.00E+00 No = yes 1.00E+04 
Pyrene 129-00-0 mg/kg 2.91E-01 J | 4146-01 J UB-1 3/10 4.00E+00 No ath yes 1.00E+04 
Arsenic 7440-38-2 | mg/kg 1.11E+00 1.30E+01 TP-2 77 2.00E+01 No 8 yes 2.00E+02 
Barium 7440-39-3 mg/kg 7.00E+00 7.70E+01 TP-2 77 5.00E+01 Yes 2.59E+01 no 1.00E+04 
Cadmium 7440-43-9 mg/kg 1.50E-01 J] 5.50E+00 MFSB13 17/18 2.00E+00 Yes 1.14E+00 no 3.00E+02 
Chromium 7440-47-3 mg/kg 6.20E+00 2.29E+01 MFSB20 77 3.00E+01 No ne yes 2.00E+03 
Copper 7440-50-8 mg/kg 3.10E+00 2.50E+02 MFSB15 20/20 4.00E+01 Yes 2.24E+01 no N/A 
Iron 7439-89-6 mg/kg 4.26E+03 3.10E+04 MFSB9 15/15 2.00E+04 Yes 1.03E+04 no N/A 
Lead 7439-92-1 mg/kg 1.60E+00 7.60E+01 UB-1 15/15 1.00E+02 No —e yes 3.00E+03 
Mercury 7439-97-6 mg/kg 4.00E-02 By] 1.30E-01 TP-2 47 3.00E-01 No = yes 3.00E+02 
Silver 7440-22-4 mg/kg 1.50E-01 J} 6.00E-01 B MFSB15 3/7 6.00E-01 Yes 2.86E-01 no 2.00E+03 
Zinc 7440-66-6 mg/kg 1.90E+01 5.90E+02 FMA-HS-8-0-2 18/18 1.00E+02 Yes 1.31E+02 no 1.00E+04 






































Note: 

i Background values were obtained from MADEP's technical update, "Background Levels of Polycyclic Aromatic Hydrocarbons and Metals in Soil" (MADEP, 2002). 
? if maximum detected concentration was below background value and chemical was not related to historical site activities, chemical was excluded as a COC. 
EPC was calculated as the mean concentration only for chemicals identified as COC. 

* MCP Method 3: UCLs in Groundwater and Soil. Retrieved August 2012, from http://www.mass.gov/dep/cleanup/laws/0996_7.htm. 

COC = Chemical of Concern 

EPC = Exposure Point Concentration 

FMA = Former Manufacturing Area 

MADEP = Massachusetts Department of Environmental Protection 

MCP = Massachusetts Contingency Plan 

UCL = Upper Concentration Limits 

J = Estimated value 

B = Analyte detected in sample and blank 

N/A - Not Available 











EXHIBIT 2-2 
Occurrence and Distribution of COCs in 0-6 Ft Soil 
Reichhold, Inc., Andover, Massachusetts 




















Receptors: 

Future Industrial Worker 

Future Construction Worker 

Exposure Medium: Soil (0 - 6 ft bgs) 

Location of 
Minimum Maximum Maximum EPC > 
Exposure Detected Detected Detected Detection | Background EPC Maximum | MADEP Soil UCL* 
Point Chemical CAS Number | Units | Concentration | Concentration | Concentration | Frequency Value! COC Flag’| _(mg/kg)* Detected (mg/kg) 
Soil (0-6 ft |1,2,4-Trimethylbenzene 95-63-6 mg/kg | 1.40E-02 2.08E+03 TP-5 13/38 N/A Yes 1.37E+02 no N/A 
bgs) at FMA |1,2-Dichlorobenzene 95-50-1 mg/kg | 1.50E-02 3.94E+01 J TP-5 2/38 N/A Yes 2.31E+00 no 1.00E+04 

1,3,5-Trimethylbenzene 108-67-8 mg/kg | 5.40E-03 6.35E+02 TP-5 12/38 N/A Yes 4.56E+01 no N/A 
1,4-Dichlorobenzene 106-46-7 mg/kg | 3.00E-03 3.00E-03 UB-5 1132 N/A Yes 1.25E+00 yes 1.00E+04 
2-Butanone 78-93-3 mg/kg | 4.50E-02 4.50E-02 UB-5 1/32 N/A Yes 1.04E+01 yes 1.00E+04 
4-Methyl-2-pentanone 108-10-1 mg/kg | 5.20E-02 5.20E-02 MFSB11 1/51 N/A Yes 8.41E+00 yes 1.00E+04 
Acetone 67-64-1 mg/kg | 1.20E-02 3.70E+01 TP-3 11/51 N/A Yes 8.69E+00 no 1.00E+04 
Benzene 71-43-2 mg/kg | 9.00E-03 9.00E-03 MFA-TF3 1/59 N/A Yes 8.86E-01 yes 9.00E+03 
Carbon disulfide 75-15-0 mg/kg] 2.00E-03 J} 2.00E-03 J UB-5 1/32 N/A Yes 1.48E+00 yes N/A 
Chlorobenzene 108-90-7 mg/kg | 2.20E-03 5.42E+01 J TP-5 4134 N/A Yes 1.78E+00 no 1.00E+04 
Ethylbenzene 100-41-4 mg/kg | 2.10E-03 1.40E+02 MFA-113 34/79 N/A Yes 8.50E+00 no 1.00E+04 
lsopropylbenzene 98-82-8 mg/kg | 1.30E-03 3.57E+01 J TP-5 8/37 N/A Yes 1.91E+00 no N/A 
n-Butylbenzene 104-51-8 mg/kg | 1.90E-02 1.20E+02 TP-9 7/38 N/A Yes 1.00E+01 no N/A 
n-Propylbenzene 103-65-1 mg/kg] 2.00E-03 J] 6.28E+01 TP-5 10/38 N/A Yes 4.10E+00 no N/A 
Naphthalene 91-20-3 mg/kg | 4.00E-03 1.82E+02 TP-5 20/60 N/A Yes 9.51E+00 no 1.00E+04 
Methyl tert butyl ether 1634-04-4 | mg/kg] 1.20E-02 2.03E-01 TP-3A 2/60 N/A Yes 1.06E+00 yes 5.00E+03 
Methylene chloride 75-09-2 mg/kg | 1.50E-02 1.46E-01 TP-3A 4/51 N/A Yes 5.12E+00 yes 1.00E+04 
o-Xylene 95-47-6 mg/kg | 2.40E-03 1.40E+02 TP-3 15/38 N/A Yes 1.10E+01 no 1.00E+04 
p-lsopropyltoluene 99-87-6 mg/kg | 1.89E-01 1.00E+01 TP-6 7/38 N/A Yes 1.65E+00 no N/A 
p/m-Xylene OER-100-48 | mg/kg] 2.20E-03 7.39E+02 TP-5 18/38 N/A Yes 6.20E+01 no 1.00E+04 
sec-Butylbenzene 135-98-8 mg/kg | 3.40E-01 4.10E+00 TP-6 3/38 N/A Yes 1.20E+00 no N/A 
Styrene 100-42-5 mg/kg | 4.10E-02 1.40E+02 MFA-STYR4 4/42 N/A Yes 5.58E+00 no 1.00E+04 
Toluene 108-88-3 mg/kg | 1.00E-02 6.00E+01 MFA-KBSW2 3/60 N/A Yes 1.95E+00 no 1.00E+04 
Total Xylenes 1330-20-7 | mg/kg] 6.00E-03 2.10E+03 J MFSB10 37/67 N/A Yes 1.21E+02 no 1.00E+04 
|2,4-Dimethylphenol 105-67-9 mg/kg | 4.20E-01 1.30E+00 J MFSB11 2/41 N/A Yes 4.25E-01 no 1.00E+04 
3-Methylphenol/4-Methylphenol OER-101-66 | mg/kg] 6.90E-01 J} 2.60E+00 MFA-TF2 4/45 N/A Yes 5.47E-01 no N/A 
Phenol 108-95-2 mg/kg | 3.00E-02 J} 5.60E+02 MFSB10 11/46 N/A Yes 1.30E+01 no 1.00E+04 
2-Methylnaphthalene 91-57-6 mg/kg] 1.15E+01 E] 1.15E+01 E TP-5 1113 5.00E-01 Yes 1.15E+00 no 5.00E+03 
Acenaphthene 83-32-9 mg/kg] 4.29E-01 J} 4.29E-01 J TP-5 1113 5.00E-01 No 28 yes 1.00E+04 
Anthracene 120-12-7 mg/kg | 9.74E-01 9.74E-01 TP-5 1113 1.00E+00 No ~?8 yes 1.00E+04 
Benzo(a)anthracene 56-55-3 mg/kg | 1.34E+00 1.34E+00 TP-5 1/18 2.00E+00 No 28 yes 3.00E+03 
Benzo(a)pyrene 50-32-8 mg/kg] 3.10E-01 J} 1.00E+00 TP-5 2/13 2.00E+00 No ~?8 yes 3.00E+02 
Benzo(b)fluoranthene 205-99-2 mg/kg] 3.30E-01 J} 1.26E+00 TP-5 3/18 2.00E+00 No ~?8 yes 3.00E+03 
Benzo(ghi)perylene 191-24-2 mg/kg | 5.82E-01 J] 5.82E-01 J TP-5 1113 1.00E+00 No ~28 yes 1.00E+04 
Benzo(k)fluoranthene 207-08-9 mg/kg] 4.00E-01 J] 4.00E-01 J TP-5 1/18 1.00E+00 No ~?8 yes 1.00E+04 
bis(2-Ethylhexyl)phthalate 117-81-7 mg/kg | 4.20E-01 4.20E-01 MFSB18 1/18 N/A Yes 2.76E-01 no 1.00E+04 
Chrysene 218-01-9 mg/kg] 2.98E-01 J} 1.19E+00 TP-5 2/18 2.00E+00 No ~?8 yes 1.00E+04 
Dibenzofuran 132-64-9 mg/kg] 4.29E-01 J| 4.29E-01 J TP-5 1113 N/A Yes 3.01E-01 no N/A 
Fluoranthene 206-44-0 mg/kg | 3.14E-01 J} 3.77E+00 TP-5 5/18 4.00E+00 No 28 yes 1.00E+04 
Fluorene 86-73-7 mg/kg | 6.85E-01 6.85E-01 TP-5 1113 1.00E+00 No ~?8 yes 1.00E+04 
Indeno(1,2,3-cd)Pyrene 193-39-5 mg/kg | 6.66E-01 6.66E-01 TP-5 1113 1.00E+00 No ~?8 yes 3.00E+03 
Phenanthrene 85-01-8 mg/kg] 3.67E-01 J} 4.34E+00 TP-5 2/13 3.00E+00 Yes 6.08E-01 no 1.00E+04 
Pyrene 129-00-0 mg/kg | 2.91E-01 2.96E+00 TP-5 5/18 4.00E+00 No 8 yes 1.00E+04 
Arsenic 7440-38-2 | mg/kg] 1.11E+00 2.20E+01 TP-1 13/13 2.00E+01 Yes 7.79E+00 no 2.00E+02 
Barium 7440-39-3 | mg/kg} 7.00E+00 7.70E+01 TP-2 13/13 5.00E+01 Yes 2.21E+01 no 1.00E+04 
Cadmium 7440-43-9 |mg/kg}] 8.60E-02 J] 4.38E+01 MFSB-2 31/33 2.00E+00 Yes 4.72E+00 no 3.00E+02 
Chromium 7440-47-3 | mg/kg} 6.20E+00 4.20E+01 TP-3 13/13 3.00E+01 Yes 1.69E+01 no 2.00E+03 
Copper 7440-50-8 | mg/kg] 1.90E+00 2.50E+02 MFSB15 34/34 4.00E+01 Yes 1.64E+01 no N/A 
Iron 7439-89-6 | mg/kg] 1.90E+03 3.10E+04 MFSB9 24/24 2.00E+04 Yes 9.48E+03 no N/A 
Lead 7439-92-1 | mg/kg] 1.60E+00 2.27E+02 MFSB-2 24/24 1.00E+02 Yes 2.32E+01 no 3.00E+03 
Mercury 7439-97-6 |mg/kg| 4.00E-02 B] 1.30E-01 TP-2 5/13 3.00E-01 No 78 yes 3.00E+02 
Silver 7440-22-4 |mg/kg} 1.50E-01 J] 6.00E-01 B MFSB15 4/13 6.00E-01 Yes 2.99E-01 no 2.00E+03 
Zinc 7440-66-6 | mg/kg | 1.20E+01 6.00E+03 UB-6 33/33 1.00E+02 Yes 7.43E+02 no 1.00E+04 






































Note: 

Background values were obtained from MADEP's technical update, "Background Levels of Polycyclic Aromatic Hydrocarbons and Metals in Soil" (MADEP, 2002). 
? if maximum detected concentration was below background value and chemical was not related to historical site activities, chemical was excluded as a COC. 
EPC was calculated as the mean concentration only for chemicals identified as COC. 

MCP Method 3: UCLs in Groundwater and Soil. Retrieved August 2012, from http://www.mass.gov/dep/cleanup/laws/0996_7.htm. 

COC = Chemical of Concern 

EPC = Exposure Point Concentration 

FMA = Former Manufacturing Area 

MADEP = Massachusetts Department of Environmental Protection 

MCP = Massachusetts Contingency Plan 

UCL = Upper Concentration Limits 

J = Estimated value 

B = Analyte detected in sample and blank 

E = Exceeds calibration range 

N/A - Not Available 








EXHIBIT 2-3 
Occurrence and Distribution of COCs in 0-6 Ft Soil in the Utility Corridor 
Reichhold, Inc., Andover, Massachusetts 


Receptor: Current/Future Utility Worker 
Exposure Medium: Soil (0-6 ft bgs) 


Location of 
Minimum Maximum Maximum 
Detected Detected Detected Detection | Background | COC Maximum | MADEP Soil 
Exposure Point Chemical CAS Number Concentration | Concentration | Concentration | Frequency ? | EPC (mg/kg)* Detected | UCL* (mg/kg) 
1,2,4-Trimethylbenzene 95-63-6 1.70E-02 1.75E+00 N/A 2.43E-01 N/A 
Soil (0-6 ft bgs) at FMA |1,3,5-Trimethylbenzene 108-67-8 5.24E-01 5.24E-01 N/A 1.30E-01 N/A 
Utility Corridor 1,4-Dichlorobenzene 106-46-7 3.00E-03 3.00E-03 N/A 1.17E-01 1.00E+04 
78-93-3 4.50E-02 4.50E-02 N/A 3.38E-01 1.00E+04 
67-64-1 1.20E-02 2.05E-01 N/A 3.54E-01 1.00E+04 
Carbon disulfide 75-15-0 2.00E-03 2.00E-03 N/A 1.94E-01 N/A 
Chlorobenzene 108-90-7 1.80E-02 4.37E-01 N/A 5.81E-02 1.00E+04 
Ethylbenzene 100-41-4 1.50E+01 1.50E+01 N/A 1.40E+00 1.00E+04 
n-Propylbenzene 103-65-1 2.00E-03 2.00E-03 N/A 5.11E-02 N/A 
Naphthalene 91-20-3 4.00E-03 4.00E-03 N/A 1.17E-01 1.00E+04 
o-Xylene 95-47-6 1.07E+01 1.20E+01 N/A 2.06E+00 1.00E+04 
p/m-Xylene OER-100-48 4.20E-02 6.47E+01 N/A 9.89E+00 1.00E+04 
Total Xylenes 1330-20-7 4.35E-02 7.54E+01 N/A 7.55E+00 1.00E+04 
2,4-Dimethylphenol 105-67-9 4.20E-01 4.20E-01 N/A 3.07E-01 1.00E+04 
3-Methylphenol/4-Methylphenol OER-101-66 1.30E+00 1.30E+00 N/A 4.94E-01 N/A 
108-95-2 4.50E+00 4.50E+00 N/A 7.85E-01 1.00E+04 
7440-43-9 3.10E-01 8.40E+00 2.00E+00 4.36E+00 3.00E+02 
7440-66-6 3.00E+01 6.00E+03 1.00E+02 3.02E+03 1.00E+04 


Note: 

i Background values were obtained from MADEP's technical update, "Background Levels of Polycyclic Aromatic Hydrocarbons and Metals in Soil" (MADEP, 2002). 
? lf maximum detected concentration was below background value and chemical was not related to historical site activities, chemical was excluded as a COC. 
° EPC was calculated as the mean concentration only for chemicals identified as COC. 

* MCP Method 3: UCLs in Groundwater and Soil. Retrieved August 2012, from http://www.mass.gov/dep/cleanup/laws/0996_7.htm. 

COC = Chemical of Concern 

EPC = Exposure Point Concentration 

FMA = Former Manufacturing Area 

MADEP = Massachusetts Department of Environmental Protection 

MCP = Massachusetts Contingency Plan 

UCL = Upper Concentration Limits 

J = Estimated value 

N/A - Not Available 





EXHIBIT 2-4 
Occurrence and Distribution of COCs in Demolished Concrete’ 
Reichhold, Inc., Andover, Massachusetts 


Receptors: 

Future Industrial Worker 

Future Utility Worker 

Future Construction Worker 

Future Onsite Recreational Adult 

Future Onsite Recreational Youth 
Exposure Medium: Demolished Concrete 


Location of 
Maximum 
Detected 
Concentration 


Method 1 S-1 
Soil Standards® 
(mg/kg) 


EPC > 
Maximum 
Detected 


Minimum Maximum 
Detected Detected 
Concentration | Concentration 


Background EPC 
Value?__|COC Flag*| (mg/kg)* 


Detection 
Frequency 


Exposure 


Point Chemical CAS Number 


Acetone 
Concrete |p/m-Xylene 
(Surficial Fill) |Fluoranthene 
Phenol 
C19-C36 Aliphatics 


Chromium (Total) 
Chromium (III) 


Notes: 


' Processed concrete may be used as surficial fill across the FMA. 


67-64-1 
OER-100-48 
206-44-0 
108-95-2 
N/A 
7440-38-2 
7440-39-3 
7440-43-9 
7440-47-3 
16065-83-1 
7440-47-3 
7440-50-8 
7439-89-6 
7439-92-1 
7439-97-6 
7440-66-6 


1.10E-02 
4.00E-03 
2.61E-01 

5.61E-01 

3.23E+01 
3.10E+00 
4.50E+01 
3.20E-01 

1.40E+01 
3.90E+01 
9.50E-01 

7.80E+00 
9.60E+03 
4.00E+00 
8.50E-02 
3.00E+01 


5.50E-02 
4.00E-03 
2.61E-01 

6.07E+00 
5.12E+01 
1.60E+01 
7.80E+01 
3.50E+00 
5.10E+01 
5.10E+01 
9.50E-01 

6.10E+01 
2.70E+04 
8.50E+00 
8.50E-02 
2.10E+02 


CP-TF-Stain 
CP-Garage 
CP-TF-Stain 
CP-Pilot 
CP-Stockroom 
CP-TF-Clean 
CP-TF-Stain 
CP-TF-Stain 
CP-Garage 
CP-Garage 
CP-TF-Stain 
CP-TF-Stain 
CP-TF-Stain 
CP-Stockroom 
CP-TF-Stain 
CP-TF-Stain 


N/A 
N/A 
4.00E+00 
N/A 
N/A 
2.00E+01 
5.00E+01 
2.00E+00 
3.00E+01 
3.00E+01 
3.00E+01 
4.00E+01 
2.00E+04 
1.00E+02 
3.00E-01 
1.00E+02 


2.83E-02 
4.00E-03 
2.58E-01 

3.32E+00 
3.87E+01 
8.58E+00 
5.78E+01 
1.21E+00 
3.52E+01 
4.33E+01 
9.50E-01 

2.91E+01 
1.76E+04 
6.95E+00 
8.10E-02 
1.15E+02 


¢ Background values were obtained from MADEP's technical update, "Background Levels of Polycyclic Aromatic Hydrocarbons and Metals in Soil" (MADEP, 2002). 


3 If maximum detected concentration was below background value and chemical was not related to historical site activities, chemical was excluded as a COC. 
* EPC was calculated as the mean concentration only for chemicals identified as COC. 


° MCP Method 1: S-1 Soil Standards (GW-1). Retrieved August 2012, fromhttp://www.mass.gov/dep/cleanup/laws/0975_6a.htm. 
® Cadmium results for samples CP-TF-Stain and CP-DUP were re-run at the laboratory. The maximium result is provided. 


COC = Chemical of Concern 


EPC = Exposure Point Concentration 


FMA = Former Manufacturing Area 


MADEP = Massachusetts Department of Environmental Protection 
MCP = Massachusetts Contingency Plan 


J = Estimated value 
N/A - Not Available 


6.00E+00 
4.00E+02 
1.00E+03 
1.00E+00 
3.00E+03 
2.00E+01 
1.00E+03 
2.00E+00 
3.00E+01 
1.00E+03 
3.00E+01 
N/A 
N/A 
3.00E+02 
2.00E+01 
2.50E+03 











EXHIBIT 2-5 
Occurrence and Distribution of COCs in All Groundwater 
Reichhold, Inc., Andover, Massachusetts 


Receptor: 

Future Industrial Worker 

Future Construction Worker 
Exposure Medium: Groundwater 


Location of MADEP 
Minimum Maximum Maximum EPC EPC > Groundwater 
Detected Detected Detected | Detection | Background Groundwater® | Maximum ucL* 
Exposure Point Chemical CAS Number] Units| Concentration Concentration Concentration | Frequency Value’ (ug/L) Detected (ug/L) EPC<UCL 





Groundwater at FMA |1,2,4-Trimethylbenzene 95-63-6 5.00E-01 5.09E+03 GP-6 N/A 4.82E+02 
1,2-Dichlorobenzene 95-50-1 6.00E-01 2.00E+01 GP-02 N/A 8.30E+00 2.00E+03 2.00E+03 2.00E+04 
1,2-Dichloroethane 107-06-2 8.00E-01 1.80E+00 GP-10 N/A 2.93E+00 5.00E+00 2.00E+04 1.00E+05 
1,3,5-Trimethylbenzene 108-67-8 1.40E+00 1.80E+03 GP-6 N/A 1.26E+02 - - - 
1,3-Dichlorobenzene 541-73-1 6.00E-01 4.60E+00 GP-10 N/A 8.84E+00 2.00E+03 5.00E+04 1.00E+05 
1,4-Dichlorobenzene 106-46-7 6.00E-01 8.60E+01 GP-10 N/A 1.34E+01 2.00E+02 8.00E+03 8.00E+04 
2,4-Dichlorophenol 120-83-2 2.30E+01 2.30E+01 GP-02 N/A 3.00E+00 3.00E+04 2.00E+03 1.00E+05 
2,4-Dimethylphenol 105-67-9 4.00E+00 1.90E+01 GP-8 N/A 4.48E+00 4.00E+04 5.00E+04 1.00E+05 

naphthalene 91-57-6 1.40E+00 1.40E+00 UB-6 N/A 4.25E-01 2.00E+03 2.00E+04 1.00E+05 

phenol/4-Methylphenol OER-101-66 6.00E+00 6.00E+00 GP-12 N/A 2.59E+00 - - - 

-2-pentanone 108-10-1 7.65E+02 7.65E+02 GP-13 N/A 3.74E+01 5.00E+04 5.00E+04 1.00E+05 

67-64-1 5.60E+00 9.00E+00 GP-8 N/A 2.89E+01 5.00E+04 5.00E+04 1.00E+05 
7440-38-2 9.00E+00 1.60E+02 GM-2 5.50E+00 5.16E+01 NA 9.00E+02 9.00E+03 
7440-39-3 5.30E+00 2.70E+01 UB-6 N/A 1.58E+01 NA 5.00E+04 1.00E+05 

71-43-2 5.00E-01 1.09E+02 GP-11 N/A 5.54E+00 2.00E+03 1.00E+04 1.00E+05 

(a)pyrene 50-32-8 3.00E-01 3.00E-01 UB-1 N/A 2.00E-01 NA 5.00E+02 5.00E+03 
(b)fluoranthene 205-99-2 3.00E-01 3.00E-01 UB-1 N/A 2.00E-01 NA 4.00E+02 4.00E+03 

Benzo(ghi)perylene 191-24-2 2.00E-01 3.00E-01 UB-1 N/A ; NA 2.00E+01 5.00E+02 

7440-43-9 1.60E-01 1.70E-01 UB-5 4.20E+00 —* NA 4.00E+00 5.00E+01 

108-90-7 6.00E-01 1.58E+03 GP-11 N/A 4.37E+01 2.00E+02 1.00E+03 1.00E+04 

7440-47-3 3.70E+00 3.70E+00 UB-6 4.90E+00 78 NA 3.00E+02 3.00E+03 

Dibenzo(a,h)anthracene 53-70-3 4.00E-01 4.00E-01 UB-1 N/A 1.75E-01 NA 4.00E+01 4.00E+02 

Ethylbenzene 100-41-4 7.00E-01 1.56E+04 CHMW-13 N/A 5.32E+02 2.00E+04 5.00E+03 1.00E+05 








Fluorene 86-73-7 3.00E-01 3.00E-01 UB-6 N/A 1.50E-01 4.00E+01 4.00E+02 


Formaldehyde 50-00-0 6.27E+00 6.27E+00 GP-16 N/A 4.39E+00 - - 
Indeno(1,2,3-cd)Pyrene 193-39-5 4.00E-01 5.00E-01 UB-1 N/A 2.75E-01 1.00E+02 1.00E+03 
Iron 7439-89-6 1.20E+01 9.50E+03 UB-5 N/A 4.26E+03 
lsopropylbenzene 98-82-8 6.00E-01 9.50E+01 GP-10 N/A 2.16E+01 
Manganese 7439-96-5 1.60E+02 3.50E+03 GM-2 N/A 1.15E+03 
Mercury 7439-97-6 7.20E-02 7.20E-02 UB-5 9.50E-01 78 2.00E+01 2.00E+02 
Methyl tert butyl ether 1634-04-4 6.00E-01 1.00E+01 GP-03 N/A 4.23E+00 5.00E+04 5.00E+04 1.00E+05 
Naphthalene 91-20-3 1.20E+00 2.63E+02 GP-6 N/A 3.15E+01 1.00E+03 2.00E+04 1.00E+05 
n-Butylbenzene 104-51-8 2.40E+00 5.80E+01 GP-10 N/A 6.08E+00 
n-Propylbenzene 103-65-1 6.00E-01 1.09E+02 GP-6 N/A 1.93E+01 
o-Xylene 95-47-6 6.00E-01 1.90E+03 GP-08 N/A 1.16E+02 5.00E+03 1.00E+05 
p/m-Xylene OER-100-48 5.00E-01 6.90E+03 GP-05 N/A 6.47E+02 5.00E+03 1.00E+05 
Phenanthrene 85-01-8 5.00E-01 5.00E-01 UB-6 N/A 2.00E-01 1.00E+04 1.00E+05 
108-95-2 4.70E+01 7.40E+01 GP-5 N/A 5.26E+00 2.00E+03 1.00E+05 
99-87-6 5.00E-01 1.56E+02 GP-6 N/A 1.44E+01 
sec-Butylbenzene 135-98-8 3.40E+00 3.40E+00 CHMW-9 N/A 4.08E+00 
Styrene 100-42-5 1.15E+02 1.15E+02 CHMW-13 N/A 5.39E+00 
tert-Butylbenzene 98-06-6 9.00E-01 9.00E-01 GP-8 N/A 2.58E+01 
Tertiary-Amy! Methyl Ether 994-05-8 6.00E-01 5.60E+00 GP-03 N/A 6.47E+00 
108-88-3 1.20E+00 6.30E+01 GP-03 N/A 7.31E+00 5.00E+04 4.00E+04 1.00E+05 
7440-66-6 5.90E+00 2.20E+01 UB-5 N/A 1.95E+01 9.00E+02 5.00E+04 























Note: 
' Background values were obtained from MADEP's Numerical Standards Spreadsheets (MADEP, 2009). 

? If maximum detected concentration was below background value and chemical was not related to historical site activities, chemical was excluded as a COC. 
° EPC was calculated as the mean concentration only for chemicals identified as COC. 

* MCP Method 3: UCLs in Groundwater and Soil. Retrieved August 2012, from http:/Awww.mass.gov/dep/cleanup/laws/0996_7.htm. 

COC = Chemical of Concern 

EPC = Exposure Point Concentration 

FMA = Former Manufacturing Area 

MADEP = Massachusetts Department of Environmental Protection 

MCP = Massachusetts Contingency Plan 

UCL = Upper Concentration Limits 

J = Estimated value 

B = Analyte detected in sample and blank 

E = Exceeds calibration range 

N/A = not available 

-- not included in the MADEP's GW-2, GW-3 Standards or UCLs 











EXHIBIT 2-6 
Occurrence and Distribution of COCs in Groundwater Near the Existing Buildings 
Reichhold, Inc., Andover, Massachusetts 


Receptors: 

Current Industrial Worker 

Future Onsite Recreational Adult 

Future Onsite Recreational Youth 
Exposure Medium: Groundwater 


Location of 
Minimum Maximum Maximum 
Detected Detected Detected Detection | Background 
Exposure Point Chemical CAS Number Concentration | Concentration | Concentration | Frequency EPC < GW-2 
Groundwater at FMA |Methyl tert butyl ether 1634-04-4 6.00E-01 2.70E+00 5.00E+04 
Office Building and |Benzo(a)pyrene 50-32-8 3.00E-01 3.00E-01 N/A 


Warehouse Benzo(b)fluoranthene 205-99-2 3.00E-01 3.00E-01 N/A 
Benzo(ghi)perylene 191-24-2 3.00E-01 3.00E-01 N/A 
Dibenzo(a,h)anthracene 53-70-3 4.00E-01 4.00E-01 N/A 
Indeno(1,2,3-cd)Pyrene 193-39-5 5.00E-01 5.00E-01 N/A 
Barium 7440-39-3 5.30E+00 6.70E+00 N/A 
Iron 7439-89-6 1.20E+01 JB| 3.20E+02 - 


Note: 

' Background values were obtained from MADEP's Numerical Standards Spreadsheets (MADEP, 2009). 

? If maximum detected concentration was below background value and chemical was not related to historical site activities, chemical was excluded as a COC. 
COC = Chemical of Concern 

FMA = Former Manufacturing Area 

MADEP = Massachusetts Department of Environmental Protection 

J = Estimated value 

B = Analyte detected in sample and blank 

N/A - Not Available 



























































EXHIBIT 2-7 
Occurrence and Distribution of COCs in Groundwater Within the Existing Utility Corridor 
Reichhold, Inc., Andover, Massachusetts 
Receptor: Current/Future Utility Worker 
Exposure Medium: Groundwater 
Location of 
Minimum Maximum Maximum EPC MADEP 
Detected Detected Detected Detection | Background Groundwater® | Groundwater 
Exposure Point Chemical CAS Number | Units | Concentration | Concentration | Concentration | Frequency Value’ COC Flag” (ug/L) UCL‘ (ug/L) 
Groundwater at FMA |1,2,4-Trimethylbenzene 95-63-6 ug/L | 7.52E+02 9.45E+02 E UB-6 2/7 N/A Yes 2.43E+02 N/A 
Utility Corridor 1,2-Dichlorobenzene 95-50-1 ug/L | 1.80E+00 5.50E+00 UB-5 3/7 N/A Yes 2.59E+00 2.00E+04 
1,3,5-Trimethylbenzene 108-67-8 ug/L | 1.30E+01 7.20E+01 GP-13 2/7 N/A Yes 1.25E+01 N/A 
1,3-Dichlorobenzene 541-73-1 ug/L | 9.00E-01 J] 9.00E-01 J UB-6 1/7 N/A Yes 1.20E+00 1.00E+05 
1,4-Dichlorobenzene 106-46-7 ug/L | 9.00E-01 1.60E+01 GP-13 AIT N/A Yes 3.91E+00 8.00E+04 
4-Methyl-2-pentanone 108-10-1 ug/L | 7.65E+02 7.65E+02 GP-13 1/7 N/A Yes 1.14E+02 1.00E+05 
Acetone 67-64-1 ug/L | 5.60E+00 J} 5.60E+00 J UB-6 1/7 N/A Yes 1.15E+01 1.00E+05 
Benzene 71-43-2 ug/L | 9.00E-01 J | 1.20E+00 UB-6 2/7 N/A Yes 1.30E+00 1.00E+05 
Chlorobenzene 108-90-7 ug/L | 3.50E+00 6.20E+01 GP-13 Al7 N/A Yes 1.56E+01 1.00E+04 
Ethylbenzene 100-41-4 ug/L | 8.00E-01 J | 3.60E+01 GP-13 3/7 N/A Yes 9.26E+00 1.00E+05 
lsopropylbenzene 98-82-8 ug/L | 6.00E-01 J | 6.20E+01 UB-6 AIT N/A Yes 1.64E+01 N/A 
Methyl tert butyl ether 1634-04-4 ug/L | 6.00E-01 J | 2.70E+00 UB-3 3/7 N/A Yes 1.64E+00 1.00E+05 
n-Butylbenzene 104-51-8 ug/L | 5.00E+01 5.00E+01 UB-6 1/7 N/A Yes 8.21E+00 N/A 
n-Propylbenzene 103-65-1 ug/L | 5.80E+01 6.40E+01 UB-6 2/7 N/A Yes 1.78E+01 N/A 
Naphthalene 91-20-3 ug/L | 3.40E+01 4.20E+01 GP-13 2/7 N/A Yes 1.12E+01 1.00E+05 
o-Xylene 95-47-6 ug/L | 2.60E+01 1.00E+03 GP-13 2/7 N/A Yes 1.48E+01 N/A 
p-lsopropyltoluene 99-87-6 ug/L | 6.00E+00 6.00E+00 GP-13 1/7 N/A Yes 1.29E+00 N/A 
p/m-Xylene OER-100-48 | ug/L | 2.60E+00 4.40E+03 GP-13 3/7 N/A Yes 1.14E+02 N/A 
Toluene 108-88-3 ug/L | 2.40E+00 2.40E+02 GP-13 3/7 N/A Yes 3.86E+00 1.00E+05 
/2,4-Dimethylphenol 105-67-9 ug/L | 4.00E+00 J} 1.80E+01 GP-13 2/7 N/A Yes 4.93E+00 1.00E+05 
2-Methylnaphthalene 91-57-6 ug/L | 1.40E+00 1.40E+00 UB-6 1/2 N/A Yes 7.50E-01 1.00E+05 
Benzo(a)pyrene 50-32-8 ug/L | 3.00E-01 3.00E-01 UB-6 1/2 N/A Yes 2.00E-01 5.00E+03 
Benzo(b)fluoranthene 205-99-2 ug/L | 3.00E-01 3.00E-01 UB-6 1/2 N/A Yes 2.00E-01 4.00E+03 
Benzo(ghi)perylene 191-24-2 ug/L | 2.00E-01 2.00E-01 UB-6 1/2 N/A Yes 1.50E-01 5.00E+02 
Fluorene 86-73-7 ug/L | 3.00E-01 3.00E-01 UB-6 1/2 N/A Yes 2.00E-01 4.00E+02 
Indeno(1,2,3-cd)Pyrene 193-39-5 ug/L | 4.00E-01 4.00E-01 UB-6 1/2 N/A Yes 2.50E-01 1.00E+03 
Phenanthrene 85-01-8 ug/L | 5.00E-01 5.00E-01 UB-6 1/2 N/A Yes 3.00E-01 1.00E+05 
Phenol 108-95-2 ug/L | 4.70E+01 4.70E+01 GP-13 1/7 N/A Yes 8.86E+00 1.00E+05 
Arsenic 7440-38-2 ug/L | 5.40E+01 B} 5.80E+01 B UB-6 2/2 5.50E+00 Yes 5.60E+01 9.00E+03 
Barium 7440-39-3 ug/L | 2.40E+01 2.70E+01 UB-6 2/2 N/A Yes 2.55E+01 1.00E+05 
Cadmium 7440-43-9 ug/L | 1.60E-01 JB} 1.70E-01 JB UB-5 2/2 4.20E+00 No ae 5.00E+01 
Chromium 7440-47-3 ug/L | 3.70E+00 JB} 3.70E+00 JB UB-6 1/2 4.90E+00 No 28 3.00E+03 
Iron 7439-89-6 ug/L | 7.20E+03 B} 9.50E+03 B UB-5 2/2 N/A Yes 8.35E+03 N/A 
Mercury 7439-97-6 ug/L | 7.20E-02 J] 7.20E-02 J UB-5 1/2 9.50E-01 No 28 2.00E+02 
Zinc 7440-66-6 ug/L | 5.90E+00 J} 2.20E+01 J UB-5 2/2 N/A Yes 1.40E+01 5.00E+04 
Note: 
Background values were obtained from MADEP's Numerical Standards Spreadsheets (MADEP, 2009). 
? If maximum detected concentration was below background value and chemical was not related to historical site activities, chemical was excluded as a COC. 
° EPC was calculated as the mean concentration only for chemicals identified as COC. 
MCP Method 3: UCLs in Groundwater and Soil. Retrieved August 2012, from http://www.mass.gov/dep/cleanup/laws/0996_7.htm. 
COC = Chemical of Concern 
FMA = Former Manufacturing Area 
MADEP = Massachusetts Department of Environmental Protection 
MCP = Massachusetts Contingency Plan 
UCL = Upper Concentration Limits 
J = Estimated value 
B = Analyte detected in sample and blank 
E = Exceeds calibration range 
N/A - Not Available 








EXHIBIT 2-8 
Occurrence and Distribution of COCs in Sediment (Direct Exposure) 
Reichhold, Inc., Andover, Massachusetts 


Receptor: 

Current/Future River Recreational Adult 
Current/Future River Recreational Youth 
Exposure Medium: Sediment 


Location of 
Minimum Maximum Maximum EPC 
Detected Detected Detected Detection Upstream Sediment? 
Exposure Point Chemical CAS Number Concentration | Concentration | Concentration | Frequency | Concentration’ | COC Flag” (mg/kg) 
Sediment in 1,2,4-Trimethylbenzene 95-63-6 1.76E+00 J] 1.76E+00 J] SED2-CH12 2.50E-03 8.80E-01 
Shawsheen River |2-Butanone 78-93-3 6.70E-02 6.70E-02 SED3-CH13 1.30E-02 6.99E+00 
Acetone 67-64-1 3.15E-01 3.15E-01 SED3-CH13 3.40E-02 7.05E+00 
Carbon disulfide 75-15-0 3.00E-03 3.00E-03 SED3-CH13 2.50E-03 1.39E+00 
Chlorobenzene 108-90-7 1.60E-02 1.60E-02 SED3-CH13 2.50E-03 1.40E+00 
Ethyl ether 60-29-7 3.00E-03 3.00E-03 SED3-CH13 2.50E-03 1.39E+00 
Ethylbenzene 100-41-4 3.40E+01 3.40E+01 SED2-CH12 2.50E-03 1.70E+01 
lsopropylbenzene 98-82-8 1.59E+00 1.59E+00 SED2-CH12 2.50E-03 7.96E-01 
o-Xylene 95-47-6 4.93E+01 4.93E+01 SED2-CH12 2.50E-03 2.47E+01 
p/m-Xylene OER-100-48 1.92E+02 1.92E+02 SED2-CH12 2.50E-03 9.61E+01 
Fluoranthene 206-44-0 3.25E-01 3.25E-01 SED2-CH12 7.10E-01 4.13E-01 
7440-38-2 7.80E+00 8.00E+00 SED3-CH13 9.90E+00 ae 
7440-39-3 1.80E+01 4.20E+01 SED3-CH13 1.40E+01 3.00E+01 
7440-43-9 7.30E-01 1.60E+00 SED2-CH12 2.00E-01 1.17E+00 
7440-47-3 1.60E+01 2.10E+01 SED2-CH12 1.80E+01 1.85E+01 
7440-50-8 1.20E+01 2.30E+01 SED2-CH12 6.70E+00 1.75E+01 
7439-89-6 8.60E+03 9.30E+03 SED2-CH12 1.10E+04 28 
7439-92-1 2.20E+01 3.20E+01 SED2-CH12 2.90E+00 2.70E+01 
7439-97-6 2.30E-01 2.30E-01 SED2-CH12 1.10E-01 1.58E-01 
7440-66-6 8.00E+01 1.30E+02 SED2-CH12 1.70E+01 1.05E+02 


ccccccmcmcl 


Note: 
‘ Samples were collected upstream in the July 2007 sampling event at the Shawsheen River. 


? If maximum detected concentration exceeded upstream value and/or was related to historical site activities, chemical was retained as a COC. Analytes were also retained 
as COCs if upstream concentration was non-detect. 

° EPC was calculated as the mean concentration only for chemicals identified as COC. 

COC = Chemical of Concern 


EPC = Exposure Point Concentration 
J = Estimated value 

U = Non-detect 

N/A - Not Available 





EXHIBIT 2-9 
Occurrence and Distribution of COCs in Sediment (Fish Ingestion) 
Reichhold, Inc., Andover, Massachusetts 


Receptor: 

Current/Future River Recreational Adult 
Current/Future River Recreational Youth 
Exposure Medium: Fish from Shawsheen River 


Location of 
Minimum Maximum Maximum EPC Fish 
Detected Detected Detected Detection Upstream Ingestion . 
Exposure Point Chemical CAS Number Concentration | Concentration | Concentration | Frequency | Concentration’ Bioaccumulative® |COC Flag* (mg/kg) 
Fish from 1,2,4-Trimethylbenzene 95-63-6 1.76E+00 J} 1.76E+00 J] SED2-CH12 2.50E-03 3.63E+00 1.12E+00 
Shawsheen River |2-Butanone 78-93-3 6.70E-02 6.70E-02 SED3-CH13 1.30E-02 U] 2.90E-01 N/A 
Acetone 67-64-1 3.15E-01 3.15E-01 SED3-CH13 3.40E-02 -2.40E-01 N/A 
Carbon disulfide 75-15-0 3.00E-03 3.00E-03 SED3-CH13 2.50E-03 1.94E+00 N/A 
Chlorobenzene 108-90-7 1.60E-02 1.60E-02 SED3-CH13 2.50E-03 2.84E+00 N/A 
Ethyl ether 60-29-7 3.00E-03 3.00E-03 SED3-CH13 2.50E-03 8.90E-01 N/A 
Ethylbenzene 100-41-4 3.40E+01 3.40E+01 SED2-CH12 2.50E-03 3.15E+00 2.16E+01 
lsopropylbenzene 98-82-8 1.59E+00 1.59E+00 SED2-CH12 2.50E-03 3.66E+00 1.01E+00 
o-Xylene 95-47-6 4.93E+01 4.93E+01 SED2-CH12 2.50E-03 3.12E+00 3.13E+01 
p/m-Xylene OER-100-48 1.92E+02 1.92E+02 SED2-CH12 2.50E-03 3.20E+00 1.22E+02 
Fluoranthene 206-44-0 3.25E-01 3.25E-01 SED2-CH12 7.10E-01 5.16E+00 N/A 
Arsenic 7440-38-2 7.80E+00 8.00E+00 SED3-CH13 9.90E+00 NA N/A 
Barium 7440-39-3 1.80E+01 4.20E+01 SED3-CH13 1.40E+01 NA N/A 
Cadmium 7440-43-9 7.30E-01 1.60E+00 SED2-CH12 2.00E-01 NA 5.24E-02 
Chromium 7440-47-3 1.60E+01 2.10E+01 SED2-CH12 1.80E+01 NA 1.99E-01 


7440-50-8 1.20E+01 2.30E+01 SED2-CH12 6.70E+00 NA 1.49E+00 
7439-89-6 8.60E+03 9.30E+03 SED2-CH12 1.10E+04 NA N/A 

7439-92-1 2.20E+01 3.20E+01 SED2-CH12 2.90E+00 NA 1.08E+00 
7439-97-6 2.30E-01 2.30E-01 SED2-CH12 1.10E-01 NA 1.38E-02 
7440-66-6 8.00E+01 1.30E+02 SED2-CH12 1.70E+01 NA 3.41E+01 


CC... CCC. e 





Note: 


t Samples were collected upstream in the July 2007 sampling event at the Shawsheen River. 

? Source: Oak Ridge National Laboratory (ORNL), 2012. Risk Assessment Information System. URL: http://rais.ornl.gov/cgi-bin/tools/TOX_search 

: Organic chemicals considered bioaccumulative if log Koy exceeded 3 and inorganic chemicals considered bioaccumulative according to USEPA's Bioaccumulation Testing and Interpretation for the 
Purpose of Sediment Quality Assessment - Status and Needs (USEPA, 2000). According to the Toxicological Profile for Polycyclic Aromatic Hydrocarbons (ATSDR, 1995) and MADEP's (1995) Guidance 
for Disposal Site Risk Characterization, PAHs are readily metabolized by fish and are not expected to bioaccumulate in fish tissue. 


* If chemical was considered bioaccumulative and maximum detected concentration exceeded upstream value and/or was related to historical site activities, chemical was retained as a COC. Analytes 
were also retained as COCs if upstream concentration was non-detect and analyte was bioaccumulative. 

° EPCs are calculated on Exhibit 2-8 Supplement. 

COC = Chemical of Concern 

EPC = Exposure Point Concentration 

J = Estimated value 

Ky = Octanol-Water Partition Coefficient 

U = Non-detect 

N/A - Not Available 





EXHIBIT 2-9 Supplement 
Biota-to-Sediment Accumulation Factors for COCs in Sediment 
Reichhold, Inc., Andover, Massachusetts 


CAS BSAF” Organism Used for BSAF Sediment EPC‘ Fish EPC® 
Number Value Deriving BSAF Reference (mg/kg) (mg/kg) 
(unitless) 
95-63-6 1,2,4-Trimethylbenzene 1.0E+00 see note® 8.80E-01 1.12E+00 
100-41-4 Ethylbenzene 1.0E+00 see note® 1.70E+01 2.16E+01 
98-82-8 lsopropylbenzene 1.0E+00 see note® 7.96E-01 1.01E+00 
95-47-6 o-Xylene 1.0E+00 see note® 2.47E+01 3.13E+01 
OER-100-48 p/m-Xylene 1.0E+00 see note? 9.61E+01 1.22E+02 
7440-43-9 Cadmium 1.8E-01 Carnivorous, Omnivorous, and Herbivorous Fish WDE, 1995 1.17E+00 5.24E-02 
7440-47-3 Chromium 4.3E-02 Fish (Perca flavescens) WDE, 1995 1.85E+01 1.99E-01 
7440-50-8 Copper 3.4E-01 Mollusc (Elliptio complanata) WDE, 1995 1.75E+01 1.49E+00 
7439-92-1 Lead 1.6E-01 Carnivorous, Omnivorous, and Herbivorous Fish WDE, 1995 2.70E+01 1.08E+00 
7439-97-6 Mercury 3.5E-01 Fish (Available fish species) WDE, 1995 1.58E-01 1.38E-02 


7440-66-6 Zinc 1.3E+00 Carnivorous, Omnivorous, and Herbivorous Fish WDE, 1995 1.05E+02 3.41E+01 


Note: 
‘COCs are identified in Exhibit 2-8. 
? BSAFs for metals are presented in kg-sed[dw]/kg-fish[dw]; BSAFs for organics are presented in kg-OC[dw}/kg-lipid[dw]. 
Although BSAF for mercury is presented in kg-sed[ww]/kg-fish[ww], it was assumed that moisture contents in sediment and fish are approximately the same (~75%). 
3 A default value of 1 was assumed if no BSAF was available. 
4 Sediment EPCs are provided in Exhibit 2-7. 
° Fish EPCs were calculated using the following equations: 


Metals: Fish EPC (mg/kg-fish [ww]) = Sed EPC (mg/kg-sed [dw]) x BSAF (kg-sed [dw]/kg-fish [dw]) x 0.25 (kg-fish [dw]/kg-fish [ww]). 
Organics: Fish EPC (mg/kg-fish [ww]) = Sed EPC (mg/kg-sed [dw)) x lipid normalized BSAF (kg-OC [dw]/kg-lipid [dw]) x (%lipid / %OC) x 0.25 (kg-fish [dw]/kg-fish [ww)). 
Fish EPCs were calculated assuming 0.985% organic carbon (site-specific) in sediment and 5% lipid (USEPA, 2000) and 75% moisture in fish fillet (USEPA, 1993). 


COC = chemical of concern dw = dry weight basis 
EPC = exposure point concentration ww = wet weight basis 
BSAF = biota-sediment accumulation factor 

OC = organic carbon 


Sources: 
USEPA, 1993. Wildlife exposure factors handbook. Volume | of II. EPA/600/R-93/187a 


USEPA, 2000. Bioaccumulation testing and interpretation for the purpose of sediment quality assessment - status and needs. EPA/823/R-00/001. 
Washington Department of Ecology (WDE), 1995. Bioaccumulation Factor Approach Analysis for Metals and Polar Organic Compounds. 





EXHIBIT 2-10 
Occurrence and Distribution of COCs in Surface Water 
Reichhold, Inc., Andover, Massachusetts 


Receptor: 

Current/Future River Recreational Adult 
Current/Future River Recreational Youth 
Exposure Medium: Surface Water 


Location of 
Minimum Maximum Maximum EPC 
Detected Detected Detected Detection Upstream Surface Water® 
Exposure Point Chemical | CAS Number Concentration | Concentration | Concentration | Frequency a coe = (mg/L) 


Surface Water in p/m-Xylene | OER-100-48 mg/L 1.10E+00 1.10E+00 SW2-CH12 1/2 1.00E+00 8.00E-04 
Shawsheen River 


Note: 

; Samples were collected upstream during the July 2007 sampling event at the Shawsheen River. 

? If maximum detected concentration exceeded upstream value and/or was related to historical site activities, chemical was retained as a COC. 
3 EPC was calculated as the mean concentration only for chemicals identified as COC. 

COC = Chemical of Concern 

EPC = Exposure Point Concentration 

U = Non-detect 





EXHIBIT 3-1 
Subchronic Toxicity Factors for COCs 
Reichhold, Inc., Andover, Massachusetts 


Inhalation Source for 
Subchronic Reference Inhalation 
Oral RfD Concentration Reference 
CAS Number (mg/kg-day) Source for Oral RfD' (mg/m*) Concentration’ 


1,2,4-Trimethylbenzene 95-63-6 N/A 7.00E-03 
1,2-Dichlorobenzene 95-50-1 9.00E-01 2.00E-01 
1,2-Dichloroethane 107-06-2 2.00E-01 7.00E-03 
1,3,5-Trimethylbenzene 108-67-8 1.00E-02 N/A 
1,3-Dichlorobenzene 541-73-1 9.00E-01 2.00E-01 
1,4-Dichlorobenzene 106-46-7 9.00E-01 8.00E-01 
2,4-Dichlorophenol 120-83-2 3.00E-03 1.05E-02 
105-67-9 2.00E-01 7.00E-01 
78-93-3 2.00E+00 5.00E+00 
2-Methylnaphthalene 91-57-6 4.00E-03 5.00E-01 
3-Methylphenol/4-Methylphenof OER-101-66 5.00E-02 N/A 
4-Methyl-2-pentanone 108-10-1 8.00E-01 3.00E+00 
67-64-1 1.00E+00 8.00E-01 
7440-38-2 3.00E-04 2.50E-06 
7440-39-3 7.00E-02 5.00E-03 
71-43-2 4.00E-03 3.00E-02 
(a)pyrene 50-32-8 3.00E-01 5.00E-01 
Benzo(b)fluoranthene 205-99-2 3.00E-01 5.00E-01 
Benzo(ghi)perylene 191-24-2 3.00E-01 5.00E-01 
bis(2-Ethylhexyl)phthalate 117-81-7 2.00E-02 7.00E-03 
Cadmium 7440-43-9 1.00E-03 2.00E-05 
Carbon disulfide 75-15-0 1.00E-01 7.00E-01 
Chlorobenzene 108-90-7 2.00E-01 5.00E-02 
Chromium® 7440-47-3 2.00E-02 1.00E-04 
16065-83-1 1.00E+00 3.00E-04 
7440-50-8 4.00E-02 N/A 
Dibenzo(a,h)anthracene 53-70-3 3.00E-01 5.00E-01 
Dibenzofuran 132-64-9 1.00E-03 N/A 
Ethylbenzene 100-41-4 1.00E+00 1.00E+00 
Fluoranthene 206-44-0 4.00E-02 5.00E-02 
Fluorene 86-73-7 4.00E-01 5.00E-01 
Formaldehyde 50-00-0 2.00E-01 N/A 
Hexachlorobutadiene 87-68-3 2.00E-03 7.00E-04 
Indeno(1,2,3-cd)Pyrene 193-39-5 3.00E-01 5.00E-01 
Iron 7439-89-6 7.00E-01 N/A 
lsopropylbenzene 98-82-8 1.00E-01 4.00E-01 
7439-92-1 7.50E-04 1.00E-03 
7439-96-5 1.40E-01 5.00E-05 
7439-97-6 3.00E-04 3.00E-04 
Methyl tert butyl ether 1634-04-4 1.00E+00 3.00E+00 
Methylene chloride 75-09-2 6.00E-02 1 3.00E+00 
Naphthalene 91-20-3 2.00E-02 3.00E-03 
n-Butylbenzene 104-51-8 5.00E-02 N/A 
n-Propylbenzene 103-65-1 1.00E-01 1.00E+00 
o-Xylene” 95-47-6 2.00E-01 1.00E-01 
p/m-Xylene” OER-100-48 2.00E-01 1.00E-01 
Phenanthrene 85-01-8 3.00E-01 5.00E-01 
Phenol 108-95-2 3.00E-01 2.60E-01 
p-lsopropyltoluene® 99-87-6 1.00E-01 4.00E-01 
sec-Butylbenzene 135-98-8 N/A N/A 
7440-22-4 5.00E-03 1.40E-04 
100-42-5 2.00E+00 3.00E+00 
tert-Butylbenzene 98-06-6 N/A N/A 
Tertiary-Amyl Methyl Ether’ 994-05-8 1.00E+00 3.00E+00 
Toluene 108-88-3 8.00E-02 5.00E+00 
1330-20-7 2.00E-01 1.00E-01 
7440-66-6 3.00E-01 1.40E-03 
C19-C36 Aliphatics N/A 6.00E+00 N/A 








' Applicable sources listed below, specific to the chemicals as indicated in the table. 

? Total Xylenes was used as a surrogate for o-xylene and p/m-xylene. 

: lsopropylbenzene was used as a surrogate for p-lsopropyltoluene. 

B Methyl tert butyl ether was used as a surrogate for Tertiary-amyl methyl ether. 

° 3-methylphenol was used a surrogate for 3-methylphenol/4-methylphenol. 

> Chromium (VI) used as a surrogate for total chromium 

7 Mass DEP. MCP Numerical Standards Development Spreadsheets. Retrieved August 2012, from 

http://www.mass.gov/dep/service/compliance/riskasmt.htm. 

° This value has been withdrawn from HEAST 

*° Developed for the Risk Assessment ShortForm - Residential Scenario (MADEP, 2007). Documentation of this value may be found 
in that document. 

“ This subchronic oral RfD (from HEAST) for 1,2-Dichlorobenzene has been used as the 
subchronic oral RfD equivalent for 1,3- and 1,4- Dichlorobenzene. 

” The chronic oral RfD (from IRIS) has been used here as a subchronic oral RfD equivalent. 

‘3 U.S. EPA Health Effects Assessment Summary Tables (HEAST), Annual FY-1997. 

*S This value was developed by MA DEP ORS Air/Water Toxics staff. 

‘6 Value consistent with approach 
"Characterizing Risks Posed by Petroleum Contaminated Sites" MA DEP 2002. 

?° Chronic value used. 


21 The subchronic RIC is set equal to a multiple (often, but not always 10) of the chronic RfC based on information about subchronic toxicity 
presented in the IRIS file. 


?2 The subchronic RIC is set equal to the chronic RfC based on information about subchronic toxicity presented in the IRIS file. 


?3 The subchronic R{C is set equal to a multiple (often, but not always 10) of the chronic RfC based on information about subchronic toxicity 
presented in HEAST. 


T IRIS or PPRTV value obtained from USEPA Regional Screening Level table (May 2012) 
N/A - Not Available 

RfD - Reference Dose 

IRIS - Integrated Risk Information System 

PPRTV - Provisional Peer-Reviewed Toxicity Value 





EXHIBIT 3-2 
Chronic Toxicity Factors for COCs 
Reichhold, Inc., Andover, Massachusetts 


Chronic Inhalation 
Chronic Reference 
Oral RfD Concentration 


Source for 
Inhalation Reference 


1,2,4-Trimethylbenzene 
1,2-Dichlorobenzene 
1,2-Dichloroethane 
1,3,5-Trimethylbenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2,4-Dimethylphenol 
2-Butanone 
2-Methylnaphthalene 
3-Methylphenol/4-Methylphenol® 
4-Methyl-2-pentanone 


bis(2-Ethylhexyl)phthalate 
Cadmium 

Carbon disulfide 
Chlorobenzene 
Chromium® 
Chromium III 

Copper 
Dibenzofuran 

Ethyl Ether 
Ethylbenzene 
Fluoranthene 
Hexachlorobutadiene 
lron 
lsopropylbenzene 
Lead 

Mercury 

Methyl tert butyl ether 
Methylene chloride 
Naphthalene 
n-Butylbenzene 
n-Propylbenzene 
o-Xylene* 
p/m-Xylene” 
Phenanthrene 
Phenol 
p-lsopropyltoluene® 
sec-Butylbenzene 
Silver 

Styrene 
tert-Butylbenzene 
Tertiary-Amyl Methyl Ether* 
Toluene 

Total Xylenes 

Zinc 

C19-C36 Aliphatics 


Note: 


CAS Number 
95-63-6 
95-50-1 
107-06-2 
108-67-8 

541-73-1 
106-46-7 
105-67-9 
78-93-3 
91-57-6 
OER-101-66 
108-10-1 
67-64-1 
7440-38-2 
7440-39-3 
71-43-2 
117-81-7 
7440-43-9 
75-15-0 
108-90-7 
7440-47-3 
16065-83-1 
7440-50-8 
132-64-9 
60-29-7 
100-41-4 
206-44-0 
87-68-3 
7439-89-6 
98-82-8 
7439-92-1 
7439-97-6 
1634-04-4 
75-09-2 
91-20-3 
104-51-8 
103-65-1 
95-47-6 
OER-100-48 
85-01-8 
108-95-2 
99-87-6 
135-98-8 
7440-22-4 
100-42-5 
98-06-6 
994-05-8 
108-88-3 
1330-20-7 
7440-66-6 
N/A 


(mg/kg-day) 
N/A 
9.00E-02 
6.00E-03 
1.00E-02 
9.00E-02 
9.00E-02 
2.00E-02 
6.00E-01 
4.00E-03 
5.00E-02 
8.00E-02 
9.00E-01 
3.00E-04 
2.00E-01 
4.00E-03 
2.00E-02 
1.00E-03 
1.00E-01 
2.00E-02 
3.00E-03 
1.50E+00 
4.00E-02 
1.00E-03 
2.00E-01 
1.00E-01 
4.00E-02 
1.00E-03 
7.00E-01 
1.00E-01 
7.50E-04 
3.00E-04 
1.00E-01 
6.00E-03 
2.00E-02 
5.00E-02 
1.00E-01 
2.00E-01 
2.00E-01 
3.00E-02 
3.00E-01 
1.00E-01 
N/A 
5.00E-03 
2.00E-01 
N/A 
1.00E-01 
8.00E-02 
2.00E-01 
3.00E-01 
2.0E+00 


4 Applicable sources listed below, specific to the chemicals as indicated in the table. 


? Total Xylenes was used as a surrogate for o-xylene and p/m-xylene. 
c Isopropylbenzene was used as a surrogate for p-lsopropyltoluene. 


: Methyl tert butyl ether was used as a surrogate for Tertiary-amyl methyl ether. 
7 3-methylphenol was used a surrogate for 3-methylphenol/4-methylphenol. 
® Chromium (VI) used as a surrogate for total chromium 
’Mass DEP. MCP Numerical Standards Development Spreadsheets . Retrieved August 2012, from 
http://www.mass.gov/dep/service/compliance/riskasmt.htm. 
° U.S. EPA, Integrated Risk Information System (IRIS) 


'° Developed for the Risk Assessment ShortForm - Residential Scenario (MADEP, 2007). Documentation of this value may be found 


in that document. 


Source for Oral RfD' 


woo oO 


(mg/m*) 
7.00E-03 
2.00E-01 
7.00E-03 
N/A 
2.00E-01 
8.00E-01 
7.00E-02 
5.00E+00 
5.00E-02 
N/A 
3.00E+00 
8.00E-01 
2.50E-06 
5.00E-04 
3.00E-02 
7.00E-03 
2.00E-05 
7.00E-01 
5.00E-02 
1.00E-04 
N/A 
N/A 
N/A 
N/A 
1.00E+00 
5.00E-02 
7.00E-04 
N/A 
4.00E-01 
1.00E-03 
3.00E-04 
3.00E+00 
6.00E-01 
3.00E-03 
N/A 
1.00E+00 
1.00E-01 
1.00E-01 
5.00E-02 
2.60E-01 
4.00E-01 
N/A 
1.40E-04 
1.00E+00 
N/A 
3.00E+00 
5.00E+00 
1.00E-01 
1.40E-03 
N/A 


Concentration’ 


"! The chronic oral RfD for 1,2-Dichlorobenzene has been used as the chronic oral RfD equivalent for 1,3-Dichlorobenzene and 1 ,4-Dichlorobenzene. 


'2 U.S. EPA Health Effects Assessment Summary Tables (HEAST), Annual FY-1997. 
'3 This value was developed by MA DEP ORS Air/Water Toxics staff. 


'® Value consistent with approach presented in "Updated Petroleum Hydrocarbon Fraction Toxicity Values for the VPH/EPH/APH Methodology" 
MA DEP 2003 and "Characterizing Risks Posed by Petroleum Contaminated Sites" MA DEP 2002. 
'© This value has been withdrawn from HEAST 


19 IRIS lists two oral RfDs, one for food and one for water exposure. The more conservative is used here. 


20 from Table 2 of HEAST, calculated by an alternative method. 


21 CHEM/AAL 


3 Conversion of the oral Reference Dose to a Reference Concentration, using the equation: RfD x BW / Ventilation Rate 


(RFD x V) /BW = (RFD x 20 m’/day) / 70 kg 


T IRIS or PPRTV value obtained from USEPA Regional Screening Level table (May 2012) 


N/A - Not Available 
RfD - Reference Dose 


IRIS - Integrated Risk Information System 


PPRTV - Provisional Peer-Reviewed Toxicity Value 





EXHIBIT 3-3 
Oral Slope Factors and Inhalation Unit Risk Factors for COCs 
Reichhold, Inc., Andover, Massachusetts 


Weight 
Oral Source for Oral of 
CAS Number SF (mg/kg-day)* SF' URF (ug/m*)" | Source for URF'| Evidence 
1,2,4-Trimethylbenzene 95-63-6 N/A N/A 
1,2-Dichlorobenzene 95-50-1 N/A N/A 
1,2-Dichloroethane 107-06-2 9.1E-02 2.60E-05 


1,3,5-Trimethylbenzene 108-67-8 N/A N/A 
1,3-Dichlorobenzene 541-73-1 N/A N/A 

1,4-Dichlorobenzene 106-46-7 2.4E-02 6.86E-06 
2,4-Dichlorophenol 120-83-2 N/A N/A 
2,4-Dimethylphenol 105-67-9 N/A N/A 
2-Butanone 78-93-3 N/A N/A 
2-Methylnaphthalene 91-57-6 N/A N/A 
3-Methylphenol/4-Methylphenof OER-101-66 N/A N/A 
4-Methyl-2-pentanone 108-10-1 N/A N/A 
67-64-1 N/A N/A 

7440-38-2 1.5E+00 4.30E-03 
7440-39-3 N/A N/A 

71-43-2 5.5E-02 7.80E-06 

Benzo(a)pyrene 50-32-8 7.3E+00 2.09E-03 

Benzo(b)fluoranthene 205-99-2 7.3E-01 2.09E-04 
Benzo(ghi)perylene 191-24-2 N/A N/A 

bis(2-Ethylhexyl)phthalate 117-81-7 1.4E-02 1.30E-06 

Cadmium 7440-43-9 N/A 1.80E-03 
Carbon disulfide 75-15-0 N/A N/A 
Chlorobenzene 108-90-7 N/A N/A 

Chromium® 7440-47-3 N/A 1.20E-02 
16065-83-1 N/A N/A 
7440-50-8 N/A N/A 

Dibenzo(a,h)anthracene 53-70-3 7.3E+00 2.09E-03 
Dibenzofuran 132-64-9 N/A N/A 
Ethyl Ether 60-29-7 N/A N/A 
Ethylbenzene 100-41-4 N/A N/A 
Fluoranthene 206-44-0 N/A N/A 
Fluorene 86-73-7 N/A N/A 

Formaldehyde 50-00-0 N/A 1.30E-05 

Hexachlorobutadiene 87-68-3 7.8E-02 2.20E-05 

Indeno(1,2,3-cd)Pyrene 193-39-5 7.3E-01 2.09E-04 
Iron 7439-89-6 N/A N/A 
lsopropylbenzene 98-82-8 N/A N/A 
Lead 7439-92-1 N/A N/A 
Manganese 7439-96-5 N/A N/A 
Mercury 7439-97-6 N/A N/A 
Methyl tert butyl ether 1634-04-4 N/A N/A 

Methylene chloride 75-09-2 2.0E-03 1.00E-08 
Naphthalene 91-20-3 N/A N/A 
n-Butylbenzene 104-51-8 N/A N/A 
n-Propylbenzene 103-65-1 N/A N/A 
o-Xylene” 95-47-6 N/A N/A 
p/m-Xylene” OER-100-48 N/A N/A 
Phenanthrene 85-01-8 N/A N/A 
Phenol 108-95-2 N/A N/A 
p-lsopropyltoluene® 99-87-6 N/A N/A 
sec-Butylbenzene 135-98-8 N/A N/A 
7440-22-4 N/A N/A 

100-42-5 3.0E-02 5.70E-07 
tert-Butylbenzene 98-06-6 N/A N/A 
Tertiary-Amyl Methyl Ether 994-05-8 N/A N/A 
Toluene 108-88-3 N/A N/A 
1330-20-7 N/A N/A 
7440-66-6 N/A N/A 
N/A N/A N/A 


' Applicable sources listed below, specific to the chemicals as indicated in the table. 
? Total Xylenes was used as a surrogate for o-xylene and p/m-xylene. 

: lsopropylbenzene was used as a surrogate for p-lsopropyltoluene. 

B Methyl tert butyl ether was used as a surrogate for Tertiary-amyl methyl ether. 

: 3-methylphenol was used a surrogate for 3-methylphenol/4-methylphenol. 

® Chromium (VI) used as a surrogate for total chromium 


™Mass DEP. MCP Numerical Standards Development Spreadsheets . Retrieved August 2012, from http:/www.mass.gov/dep/service/compliance/riskasmt.htm. 
8 U.S. EPA, Integrated Risk Information System (IRIS). On-line search. 

° U.S. EPA Health Effects Assessment Summary Tables (HEAST), Annual FY-1997. 

‘© This value has been withdrawn from HEAST 


" This Cancer Slope Factor or Unit Risk for benzo(a)pyrene (from IRIS) has been applied to the seven PAH compounds which are designated as 
category A, B1, B2 or C carcinogens. 
"3 Conversion of the oral Cancer Slope Factor to the inhalation Unit Risk, using the equation: Slope Factor x Ventilation Rate x Constant / Body Weight 
(CSF x Vx C)/BW = (CSF x 20 m*/day x 0.001 mg/ug) / 70 kg 
 CHEM/AAL 
T IRIS or PPRTV value obtained from USEPA Regional Screening Level table (May 2012) 
N/A - Not Available 
IRIS - Integrated Risk Information System 
SF - Slope Factor 
URF - Unit Risk Factor 
EPA Carcinogen Group: 

A - Human carcinogen 

B1 - Probable human carcinogen - indicates that limited human data are available 

B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

inadequate or no evidence in humans 

C - Possible human carcinogen 

D - Not classifiable as a human carcinogen 

E - Evidence of noncarcinogenicity 





EXHIBIT 3-4 
Relative Absorption Factors 
Reichhold, Inc., Andover, Massachusetts 


Subchronic Exposures Chronic Exposures Carcinogenic Exposures 


CAS 
Number Soil Ingestion | Soil Dermal | Soil Ingestion | Soil Dermal | Soil Ingestion | Soil Dermal 


1,2,4-Trimethylbenzene 95-63-6 
1,2-Dichlorobenzene 95-50-1 
1,2-Dichloroethane 107-06-2 
1,3,5-Trimethylbenzene 108-67-8 
1,3-Dichlorobenzene 541-73-1 
1,4-Dichlorobenzene 106-46-7 
2,4-Dichlorophenol 120-83-2 
2,4-Dimethylphenol 105-67-9 
2-Butanone 78-93-3 
2-Methylnaphthalene 91-57-6 
3-Methylphenol/4-Methylphenol* OER-101-66 
4-Methyl-2-pentanone 108-10-1 
67-64-1 
7440-38-2 
7440-39-3 
71-43-2 
Benzo(a)pyrene 50-32-8 
Benzo(b)fluoranthene 205-99-2 
Benzo(ghi)perylene 191-24-2 
bis(2-Ethylhexyl)phthalate 117-81-7 
Cadmium 7440-43-9 
Carbon disulfide 75-15-0 
Chlorobenzene 108-90-7 
Chromium® 7440-47-3 
16065-83-1 
7440-50-8 
Dibenzo(a,h)anthracene 53-70-3 
Dibenzofuran 132-64-9 
60-29-7 
100-41-4 
206-44-0 
86-73-7 
50-00-0 
Hexachlorobutadiene 87-68-3 
Indeno(1,2,3-cd)Pyrene 193-39-5 
Iron 7439-89-6 
lsopropylbenzene 98-82-8 
Lead 7439-92-1 
7439-96-5 
7439-97-6 
Methyl tert butyl ether 1634-04-4 
Methylene chloride 75-09-2 
Naphthalene 91-20-3 
n-Butylbenzene 104-51-8 
n-Propylbenzene 103-65-1 
o-Xylene’ 95-47-6 
p/m-Xylene’ OER-100-48 
Phenanthrene 85-01-8 
Phenol 108-95-2 
p-lsopropyltoluene? 99-87-6 
sec-Butylbenzene 135-98-8 
7440-22-4 
100-42-5 
tert-Butylbenzene 98-06-6 
Tertiary-Amyl Methyl Ether® 994-05-8 
Toluene 108-88-3 
1330-20-7 
7440-66-6 
N/A 


‘Total Xylenes was used as a surrogate for o-xylene and p/m-xylene. 

2 lsopropylbenzene was used as a surrogate for p-lsopropyltoluene. 

8 Methyl tert butyl ether was used as a surrogate for Tertiary-amyl methyl ether. 

i 3-methylphenol was used a surrogate for 3-methylphenol/4-methylphenol. 

° Chromium (VI) used as a surrogate for total chromium 

Dermal relative absorption factors for soil were also used for dermal contact with sediment, surface water, and groundwater. 
N/A - Not Available (no Oral SF value) 


RAFs were obtained from the Numerical Standards Spreadhseets (MADEP, Retrieved August 2012). If an RAF was not available in the Numerical 
Standards Spreadsheets, the default values were obtained from Appendix B-36 of the Guidance for Disposal Site Characterization (MADEP, 1995). 








EXHIBIT 4-1 
Exposure Factors and Assumptions 
Reichhold, Inc., Andover, Massachusetts 




































































Exposure Variable Factor Reference/Comments 
Incidental soil ingestion, mg/day 
Onsite Recreational Adult 50 default value, > 6 years old (MADEP, 1995) 
Onsite Recreational Youth ' 50 default value, > 6 years old (MADEP, 1995) 
Industrial Worker 50 default value, > 6 years old (MADEP, 1995) 
Utility Worker 100 best professional judgment? 
Construction Worker 100 MCP Numerical Standards Spreadsheets (MADEP, 2009a) 
Incidental surface water ingestion, mg/day 
River Recreational Adult 50 MADEP, 1995. 
River Recreational Youth ' 50 MADEP, 1995 
Fish ingestion, g/day 
River Recreational Adult 32 tech guidance (MADEP, 2009b) 
River Recreational Youth ' 32 tech guidance (MADEP, 2009b) 
Soil-to-skin adherence factor, mg/cm? 
Onsite Recreational Adult 0.07 tech guidance (MADEP, 2002) 
Onsite Recreational Youth ' 0.35 tech guidance, child resident/child recreational (MADEP, 2002) 
Industrial Worker 0.03 tech guidance, industrial/outdoor commercial worker (MADEP, 2002) 
Utility Worker 0.29 tech guidance (MADEP, 2002) 
Construction Worker 0.29 tech guidance (MADEP, 2002) 
'Sediment-to-skin adherence factor, mg/cm? 
All receptors 1 tech guidance (MADEP, 2002) 
Skin surface in contact with soil, cm? 
Onsite Recreational Adult 5,781 neadinends: forearms, and lower legs; average of male and female. (MADEP, 
1995) 
‘ . 1 Head, hands, forearms, and lower legs; average of male and female. (MADEP, 
Onsite Recreational Youth 4,600 2 
1995) 
Industrial Worker 3,411 Head, hands, and forearms. (MADEP, 19957 
Utility Worker 3,473 best professional judgment? 
Construction Worker 3,473 MCP Numerical Standards Spreadsheets (MADEP, 2009a) 
Skin surface in contact with surface water and sediment, cm? 
Head, hands, f feet, and | legs; f mal id fe le. 
River Reeebatignal Adult 7,006 eee feet, and lower legs; average of male and female. 
Bi R 7 vou’ 5,467 Head, hands, forearms, feet, and lower legs; average of male and female. 
iver Recreational You E (MADEP, 1995) 
Skin surface in contact with groundwater, cm? 
Utility Worker 3,473 best professional judgment® 4 
Construction Worker 3,473 MCP Numerical Standards Spreadsheets (MADEP, 2009a¥ 
Airborne particulate concentration, ug/m® 
Onsite Recreational Adult 32 MADEP, 1995 
Onsite Recreational Youth ' 32 MADEP, 1995 
Industrial Worker 32 MADEP, 1995. 
Utility Worker 60 best professional judgment* 
Construction Worker 60 MCP Numerical Standards Spreadsheets (MADEP, 2009a) 
Exposure frequency soil, days/yr 
Onsite Recreational Adult 91 3 days/week, April-Oct., best professional judgment 
Onsite Recreational Youth ' 91 3 days/week, April-Oct., best professional judgment 
Industrial Worker 150 5 days/week, April-Oct., best professional judgment 
Utility Worker 3 best professional judgment 
Construction Worker 130 MCP Numerical Standards Spreadsheets (MADEP, 2009a) 
Exposure frequency surface water and sediment, days/yr 
River Recreational Adult 66 3 days/week, May-September, best professional judgment 
River Recreational Youth ‘ 66 3 days/week, May-September, best professional judgment 
Exposure frequency groundwater, days/yr 
Utility Worker 3 best professional judgment 
Construction Worker 30 best professional judgment 
Exposure frequency indoor air, days/yr 
Onsite Recreational Adult 91 3 days/week, April-Oct., best professional judgment 
OnsiteRecreational Youth‘ 91 3 days/week, April-Oct., best professional judgment 
Industrial Worker 250 MADEP, 2011 
Event Frequency surface water and sediment, event/day 
River Recreational Adult ah best professional judgment 
River Recreational Youth ' 1 best professional judgment 
Event Frequency groundwater, event/day 
Utility Worker 1 best professional judgment 
Construction Worker 1 best professional judgment 
Exposure time soil, hrs/day 
Onsite Recreational Adult 3 best professional judgment 
Onsite Recreational Youth ' 3 best professional judgment 
Industrial Worker 8 best professional judgment 
Utility Worker 8 best professional judgment 
Construction Worker 8 MCP Numerical Standards Spreadsheets (MADEP, 2009a) 
Exposure time surface water and sediment, hrs/day 
River Recreational Adult 1 best professional judgment 
River Recreational Youth ' 1 best professional judgment 
Exposure time groundwater, hrs/day 
Utility Worker 4 best professional judgment 
Construction Worker 4 best professional judgment 
Exposure time indoor air, hrs/day 
Onsite Recreational Adult 3 best professional judgment 
Onsite Recreational Youth ‘ 3 best professional judgment 
Industrial Worker 8 MADEP, 2011 
Duration of event (tevent) used for calculation of DAevent, hr/event 
River Recreational Adult 1 best professional judgment 
River Recreational Youth ' 1 best professional judgment 
Utility Worker 4 best professional judgment 
Construction Worker 4 best professional judgment 
Exposure duration, yrs 
Recreational Adult 30 MADEP, 1995 
Recreational Youth ' 11 7 to 18 years of age, best professional judgment 
Industrial Worker 27 MADEP, 2011 
Utility Worker 1 MADEP, 1995 
Construction Worker 1 MCP Numerical Standards Spreadsheets (MADEP, 2009a) 
Body weight, kg 
Recreational Adult 70 MADEP, 1995. 
Recreational Youth ' 43 average of male and female, (MADEP, 1995)? 
Industrial Worker 70 MADEP, 1995. 
Utility Worker 58 MCP Numerical Standards Spreadsheets (MADEP, 2009a) 
Construction Worker 58 MCP Numerical Standards Spreadsheets (MADEP, 2009a) 
[Averaging time for non-cancer, days 
Recreational Adult 10950 MADEP, 1995. 
Recreational Youth ' 4015 MADEP, 1995 
Industrial Worker 9855 MADEP, 2011 
Utility Worker 365 MADEP, 1995 
Construction Worker 182 MCP Numerical Standards Spreadsheets (MADEP, 2009a) 
Averaging time for cancer, days 
All receptors 27375 MADEP, 1995. 
Relative Absorption Factor, % 
Chemical-specific MADEP, 1995. 











Note: 


Recreational youth is assumed to be an adolescent (7 to 18 years of age) 
? Values presented in Appendix B of MADEP, 1995 were used to calculate receptor-specific values. 


* Value for construction worker is assumed to be the same as value for utility worker. 
Surface area in contact with groundwater during excavation activities is assumed to be the same as surface area in contact with soil. 


References: 


(Guidance for Disposal Site Risk Characterization - In Support of the Massachusetts Contingency Plan (MADEP, 1995). 
Technical Updates — Weighted Skin-Soil Adherence Factors (MADEP, 2002). 


MCP Numerical Standards Spreadsheets (MADEP, 2009a). 


Technical Updates - Default Fish Ingestion Rates and Exposure Assumptions for Human Health Risk Assessments (MADEP, 2009b). 





Interim Final Vapor Intrusion Guidance (MADEP, 2011). 











EXHIBIT 5-1 
Summary of Estimated Health Risks 
Reichhold, Inc., Andover, Massachusetts 
































































































































































































































Receptor Media Exposure Route ELCR Hazard Index 
Ingestion 2E-10 0.0008 
Soil (0 - 2 ft) Dermal Contact 2E-11 0.0001 
Inhalation 3E-09 0.005 
Current Industrial Worker Soil Total 4E-09 0.006 
Groundwater - Indoor Air” Inhalation N/A 0.000002 
Receptor Total 4E-09 0.006 
Ingestion 2E-13 0.00007 
Dermal Contact 2E-13 0.00004 
Soil (0 - 6 ft) Ingestion of Inhaled Particulates 1E-14 0.000005 
Inhalation of Particulates 4E-11 0.001 
Inhalation of Volatiles 1E-13 0.000007 
Soil Total 5E-11 0.001 
Ingestion N/A 0.00007 
i Dermal Contact NIA 0.00006 
Curren ruture;UBlity: Worker Demolished Concrete Ingestion of Inhaled Particulates N/A 0.000005 
Inhalation of Particulates 2E-12 0.0003 
Inhalation of Volatiles N/A 0.000000002 
Concrete Total 2E-12 0.0004 
Gictindwater=/Exéavation Dermal Contact 2E-09 0.00006 
Inhalation 3E-11 0.002 
Groundwater Total 2E-09 0.002 
Receptor Total 2E-09 0.003 
Sediment Dermal Contact N/A 0.0008 
Ingestion N/A 0.00000002 
Current/Future River Recreational Adult culace Wels! Darna Contact N/A 0.0000008 
Fish Ingestion N/A 0.2 
Receptor Total’ NIA 0.2 
Sediment Dermal Contact N/A 0.001 
Surface Water Ingestion N/A 0.00000004 
Current/Future River Recreational Youth Dermal Contact N/A 0.000001 
Fish Ingestion N/A 0.3 
Receptor Total’ N/A 0.3 
Ingestion 4E-07 0.007 
Soil (0 - 6 ft) Dermal Contact 3E-08 0.0007 
Inhalation 6E-07 0.02 
Soil Total 1E-06 0.03 
. Ingestion N/A 0.002 
Bure Industral Worker Demolished Concrete Dermal Contact N/A 0.0004 
Inhalation 7E-10 0.003 
Concrete Total 7E-10 0.006 
Groundwater - Indoor Air? _| Inhalation 8E-06 13 
Receptor Total 9E-06 13 
Ingestion 3E-08 0.03 
Dermal Contact 1E-08 0.01 
Soil (0 - 6 ft) Ingestion of Inhaled Particulates 3E-09 0.002 
Inhalation of Particulates 6E-08 0.2 
Inhalation of Volatiles 3E-10 0.03 
Soil Total 1E-07 0.2 
Ingestion N/A 0.006 
Dermal Contact N/A 0.005 
Future Construction Worker Demolished Concrete Ingestion of Inhaled Particulates N/A 0.0005 
Inhalation of Particulates 1E-10 0.02 
Inhalation of Volatiles NIA 0.0000002 
Concrete Total 1E-10 0.035 
Groundwater - Excavation [Petal Contact SEs _ 
Inhalation 2E-08 0.1 
Groundwater Total 5E-08 0.1 
Receptor Total 2E-07 
Ingestion 5E-11 0.0002 
Soil (0 - 2 ft) Dermal Contact 2E-11 0.0001 
Inhalation 9E-10 0.001 
Soil Total 9E-10 0.001 
Ingestion N/A 0.0005 
Future Onsite Recreational Adult Demolished Concrete Dermal Contact NA 0.0004 
Inhalation 2E-10 0.0007 
Concrete Total 2E-10 0.002 
Groundwater - Indoor Air?*_|Inhalation 8E-06 13 
Receptor Total 8E-06 13 
Ingestion 3E-11 0.0003 
Soil (0 - 2 ft) Dermal Contact 4E-11 0.0009 
Inhalation 3E-10 0.001 
Soil Total 4E-10 0.002 
Ingestion N/A 0.0009 
Future Onsite Recreational Youth Demolished Concrete Dermal Contact N/A 0.002 
Inhalation 6E-11 0.0007 
Concrete Total 6E-11 0.004 
Groundwater - Indoor Air**_|Inhalation 8E-06 13 
Receptor Total 8E-06 13 

















Note: 

Receptor total includes surface water, sediment and fish ingestion pathways. 

? Only one VOC (methyl tert butyl ether) was detected in groundwater near the office and warehouse at the FMA and was 
at a concentration below GW-2 standard; therefore, impact on indoor air from groundwater is expected to be insignificant. 

$ Evaluation of future indoor air via vapor intrusion of VOCs from groundwater was performed semi-quantitatively due to the large 
uncertainties associated with the location and characteristics of future building (see text). 

* Potential indoor air risks for an industrial worker are used to conservatively represent the potential risks for recreational receptors. 

ELCR - Excess lifetime cancer risk 

FMA = Former Manufacturing Area 








APPENDIX A 


HHRAA INTAKE/RISK CALCULATIONS (ONSITE) 





Table A-1-1 
Current Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Incidental Soil Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 
Methyl tertbutylether | 1.9601 | 1.0E+00 Tes | 8E-08 | 0E-OT | 8E-07 


Hazard Index 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Time (ET) 8 (hours/day) Hazard Quotient (HQ) = ADD / RfD 

Exposure Frequency (EF) 150 (days/year) Hazard Index (HI) = Sum of HQs 

Exposure Duration (ED) 27 (years) 

Body Weight (BW) 70 (kg) RfD = Reference Dose 


Averaging Time (AT) 9,855 (days) 


Table A-1-2 
Current Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Incidental Soil Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
ingagoon) | cutee | tghetm) | mtodoy | moat |_| 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 8 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Frequency (EF) 150 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 27 (years) 

Body Weight (BW) 70 (kg) SF = Slope Factor 


Averaging Time (AT) 27,375 (days) 
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EXPOSURE ASSUMPTIONS 
Skin Surface Area (SA) 
Conversion Factor 1 (CF1) 
Conversion Factor 2 (CF2) 
Soil Adherence Factor (AF) 
Relative Absorption Factor (RAF) 
Exposure Time (ET) 
Exposure Frequency (EF) 
Exposure Duration (ED) 
Body Weight (BW) 
Averaging Time (AT) 


1,2,4-Trimethylbenzene | 
InButylbenzene 
In-Propylbenzene 
Methyl tert butyl ether 
jo-xylene 
p-Isopropyitoluene 
pim-xylene 
Total Xylenes_ 


Table A-1-3 


Current Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Soil Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. 


(mg/kg (ppm)) 


RAF 
(unitless) 


Exposure Factor 
(kg/kg-day) 


ADD RfD oral 
(mg/kg-day) (mg/kg-day) 


Hazard 
Quotient 


11-01 2.2608 2.5E-07 


4.7E+00 
9.2E-01 
9.2E-01 


N 


E+00 
7E-01 
E+00 
1.9E-01 
E-01 
-4E+00 
-OE-01 
-7E+00 
.2E-01 
-9E-01 
2.8E-01 
5.6E-01 
2.6E-01 
2.6E+01 
1.1E+00 
2.2E+01 
1.0E+04 
2.9E-01 
1.3E+02 





Ny 





1.0E-01 
2.0E-01 
1.1E-01 
1.1E-0 
1.1E-01 
1.0E-01 
1.0E-01 
1.0E-0 
1.2E-01 
1.1E-0 
1.2E-01 
1.2E-01 
2.6E-01 
1.7E-0 
2.6E-01 
2.0E-02 
5.0E-02 
1.4E-01 
3.0E-02 
3.0E-02 
2.5E-01 
2.0E-02 





3,411 (cm*) 
1.0E-06 (kg/mg) 
0.042 (day/hour) 
0.03 — (mg/cm*-day) 
chemical-specific (unitless) 
8 (hours/day) 
150 (days/year) 
27 (years) 
70 (kg) 
9,855 (days) 


4.0E-08 
2.2E-08 
2.2E-08 
2.2E-08 
2.0E-08 
2.0E-08 
2.0E-08 
2.4E-08 
2.2E-08 
2.4E-08 
2.4E-08 
5.2E-08 
3.4E-08 
5.2E-08 
4.0E-09 
1.0E-08 
2.8E-08 
6.0E-09 
6.0E-09 
5.0E-08 
4.0E-09 





EQUATION FOR AVERAGE DAILY DOSE 
ADD = (Conc. * Exposure Factor) 


1.1E-01 2.2E-08 1.0E-07 1.0E-02 1.0E-05 
2.0E-08 1.8E-08 9.0E-01 2.0E-08 


1.1E-06 
3.7E-08 
2.4E-06 
1.6E-07 
2.3E-08 
8.1E-07 
2.7E-08 
5.0E-07 
1.9E-07 
9.7E-08 
5.3E-08 
1.3E-06 
3.2E-05 
3.4E-06 
8.9E-05 
2.9E-06 
1.8E-06 


(ADD) 


Exposure Factor = [(SA * CF1 * CF2* AF * RAF * ET * EF * ED)/ (BW *AT)] 


EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADD / RfD 
Hazard Index (HI) = Sum of HQs 


RfD = Reference Dose 


Table A-1-4 
Current Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Soil Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
paneer Ligon) | unten) | tgneday | nonotap | cngtoaays | 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3,411 (cm) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.03 (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 

Exposure Time (ET) 8 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 150 (days/year) 

Exposure Duration (ED) 27 (years) SF = Slope Factor 

Body Weight (BW) 70 (kg) 


Averaging Time (AT) 27,375 (days) 


Table A-1-5 
Current Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Inhalation of Airborne Particulates and Volatiles from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADE RfC Hazard 


Hazard Index 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mgim’) Conc. in Air = Conc. in Soil * [PA * CF1+1/(VF)] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 150 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 27 (years) 

Averaging Time (AT) 9,855 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


Table A-1-6 
Current Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Inhalation of Airborne Particulates and Volatiles from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADE Unit Risk Cancer Risk 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m*) Conc. in Air = Conc. in Soil * [ PA * CF1 + 1/ (VF) ] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 150 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 27 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 


Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 


Table A-2-1 
Current/Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Incidental Soil Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 
i.4-Dichlorobenzene | 2-01 | .0E+00 | 7E-O9 | 5SE-10 | 9.0E-01 E10 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 100 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Time (ET) 8 (hours/day) Hazard Quotient (HQ) = ADD / RfD 

Exposure Frequency (EF) 3 (days/year) Hazard Index (HI) = Sum of HQs 

Exposure Duration (ED) 1 (years) 

Body Weight (BW) 58 (kg) RfD = Reference Dose 


Averaging Time (AT) 365 (days) 


Table A-2-2 
Current/Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Incidental Soil Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
ingagorn) | canny | tghedm) | mptedoy | moat |_| 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 100 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 8 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Frequency (EF) 3 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 1 (years) 

Body Weight (BW) 58 (kg) SF = Slope Factor 


Averaging Time (AT) 27,375 (days) 


Table A-2-3 
Current/Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Soil Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 
:3,5-Trimethylbenzene 
.4-Dichlorobenzene 2E-01 1.0E-01 
3.4.01 
3.5E-01 
9E-01 
5.8E-02 
4E+00 
5.16-02 
aphthalene 2E-01 
o-xylene 2.1E+00 
/m-Xylene 9.9E+00 
otal Xylenes 7.5E+00 
.4-Dimethylphenol 3.1E-01 
-Methylphenol/4-Methylphenol 4.96-01 
henol 7.9-01 


-Butanone 
cetone 

arbon disulfide 
hlorobenzene 
‘thylbenzene 





jo-xylene 





os 


admium 


4.4E+00 1.4E-01 6.7E-09 2.9E-08 1.0E-03 2.9E-05 
3.0E+03 2.0E-02 9.5E-10 2.9E-06 3.0E-01 9.6E-06 


inc 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3,473 (cm) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.29 (mg/cm?-day) EQUATION FOR HAZARD QUOTIENT (HQ) 

Relative Absorption Factor (RAF) chemical-specific (unitless) Hazard Quotient (HQ) = ADD / RfD 

Exposure Time (ET) 8 (hours/day) Hazard Index (HI) = Sum of HQs 

Exposure Frequency (EF) 3 (days/year) 

Exposure Duration (ED) 1 (years) RfD = Reference Dose 

Body Weight (BW) 58 (kg) 


Averaging Time (AT) 365 (days) 


Table A-2-4 
Current/Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Soil Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
paneer | ngtgtvom) | unten | tgneday | nonoaay | cngtoaays | 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3,473 (cm) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.29 (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 

Exposure Time (ET) 8 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 3 (days/year) 

Exposure Duration (ED) 1 (years) SF = Slope Factor 

Body Weight (BW) 58 (kg) 


Averaging Time (AT) 27,375 (days) 


Table A-2-5 
Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Ingestion of Inhaled Particulates from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. Conc. in Air pits oor Din RfD ue Hazard 
Parameter (mg/kg (ppm)) (mg/m?) m/k ah (mg/k Quotient 
1,2,4-Trimethylbenzene 2.4E-01 = 9E- = 2.2E-08 4.0E-03 8.8E- 7 a aC 


1,3,5-Trimethylbenzene 1.3 
1,4-Dichlorobenzene 


























3.0E+03 1.0E+00 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
PM-10 0.06 (mg/m*) Conc. in Air = Conc. in Soil * 1.5 * PM-10 *CF1 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Relative Absorption Factor (RAF) chemical-specific (unitless) ADD =(Conc. in Air * Exposure Factor) 

Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8 (hours/event) 

Exposure Period (EP) 3 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 
Body Weight (BW) 58 (kg) Hazard Index (HI) = Sum of HQs 

Averaging Time (AT) 365 (days) 


RfD = Reference Dose 


Table A-2-6 
Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Ingestion of Inhaled Particulates from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Conc. in Air Exposure Factor ADDinhat-ct SF oral Cancer Risk 
ing om) innose” | prety | ogigas |_| 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

PM-10 0.06 (mg/m*) Conc. in Air = Conc. in Soil * 1.5 * PM-10 *CF1 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m°*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Relative Absorption Factor (RAF) chemical-specific (unitless) ADD =(Conc. in Air * Exposure Factor) 

Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3)/ (BW * AT)] 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8 (hours/event) EQUATION FOR CANCER RISK 

Exposure Period (EP) 3 (days) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Body Weight (BW) 58 (kg) Cancer Risk = Sum of Incremental Cancer Risks 

Averaging Time (AT) 27,375 (days) 


SF = Slope Factor 


Parameter 


Average Conc. 
(mg/kg (ppm)) 


RAF 
(unitless) 


Table A-2-7 

Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 

Inhalation of Airborne Particulates from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Conc. in Air 
(mg/m*) 


Exposure Factor 
(m*/kg-day) 


ADDinhat 
(mg/kg/day) 


RFDinhai Hazard 


(mg/kg/day) Quotient 








1,2,4-Trimethylbenzene 


2.4E-01 


1.0E+00 


7.3E-09 


4.1E-03 3.0E-11 


2.0E-03 1.5E-08 





1,3,5-Trimethylbenzene 
1,4-Dichlorobenzene 


1.3E-01 
1.2E-01 


1.0E+00 
1.0E+00 


3.9E-09 


4.1E-03 1.6E-11 


8.0E-01 


N/A N/A 
2.3E-01 6.3E-11 





3.4E-01 
3.5E-01 


1.0E+00 
1.0E+00 


5.0E+00 
8.0E-01 


1.4E+00 2.9E-11 
2.3E-01 1.9E-10 





Carbon disulfide 
Chlorobenzene 


1.9E-01 
5.8E-02 


1.0E+00 
1.0E+00 


7.0E-01 
5.0E-02 


2.0E-01 1.2E-10 
1.4E-02 5.0E-10 





Ethylbenzene 
n-Propylbenzene 


1.4E+00 
5.1E-02 


1.0E+00 
1.0E+00 


1.0E+00 
1.0E+00 


2.9E-01 6.0E-10 
2.9E-01 2.2E-11 





Naphthalene 
lo-Xylene 


1.2E-01 
2.1E+00 


1.0E+00 
1.0E+00 


3.0E-03 
1.0E-01 


8.6E-04 1.7E-08 
2.9E-02 8.8E-09 





p/m-Xylene 
Total Xylenes 


9.9E+00 
7.5E+00 


1.0E+00 
1.0E+00 


1.0E-01 
1.0E-01 


2.9E-02 4.2E-08 
2.9E-02 3.2E-08 





|2,4-Dimethylphenol 
3-Methylphenol/4-Methylphenol 


3.1E-01 
4.9E-01 


1.0E+00 
1.0E+00 


7.0E-01 
N/A 


2.0E-01 1.9E-10 





Phenol 


7.9E-01 
4.4E+00 


1.0E+00 
1.0E+00 


2.6E-01 
2.0E-05 


N/A N/A 
7.4E-02 1.3E-09 


5.7E-06 9.3E-05 





Zinc 


Hazard Index 


EXPOSURE ASSUMPTIONS 


3.0E+03 





1.0E+00 





Airborne Particulate Concentration (PA) 
Conversion Factor 1 (CF1) 
Conversion Factor 3 (CF3) 

Relative Absorption Factor (RAF) 
Inhalation Rate (Inh) 

Number of Exposure Event (EF) 
Exposure Duration (ED) 

Exposure Period (EP) 

Body Weight (BW) 

Averaging Time (AT) 


0.06 

1.0E-06 

0.060 
chemical-specific 

60 

1 

8 

3 

58 

365 


(mg/m") 
(kg/mg) 
(min-m*/hr-l) 
(unitless) 
(/min) 
(event/day) 
(hours/event) 
(days) 
(kg) 
(days) 








EQUATION FOR CONCENTRATION IN AIR 





1.4E-03 


Conc. in Air = Conc. in Soil * 0.5 * PM-10 *CF1 


EQUATION FOR AVERAGE DAILY DOSE (ADD) 


ADD =(Conc. in Air * Exposure Factor) 


4.0E-04 9.2E-04 








Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 


TOXICITY VALUE CONVERSION 


RfDinhai = [RFC *INH (20 m°/day) ] / BW (70 kg) 


EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 


Table A-2-8 
Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Inhalation of Airborne Particulates from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 








Average Conc. RAF Conc. in Air Exposure Factor ADDinhat Unit Risk CSFinhal Cancer Risk 
Parameter (mg/kg (ppm)) (unitless) (mg/m’) (m°/kg-day) (mg/kg/day) (mgim*)" (mg/kg-d)-1 
1,2,4-Trimethylbenzene 2.4E-01 1.0E+00 N/A 
1,3,5-Trimethylbenzene 1.3E-01 1.0E+00 N/A 
1,4-Dichlorobenzene 1.2E-01 1.0E+00 2.4E-02 
2-Butanone 3.4E-01 1.0E+00 N/A 
[Acetone 3.5E-01 1.0E+00 N/A 
Carbon disulfide 1.9E-01 1.0E+00 N/A 
\Chlorobenzene 5.8E-02 1.0E+00 N/A 
Ethylbenzene 1.4E+00 1.0E+00 N/A 
n-Propylbenzene 5.1E-02 1.0E+00 N/A 
Naphthalene 1.2E-01 1.0E+00 N/A 
o-Xylene 2.1E+00 1.0E+00 N/A 
p/m-Xylene 9.9E+00 1.0E+00 N/A 
Total Xylenes 7.5E+00 1.0E+00 N/A 
2,4-Dimethylphenol 3.1E-01 1.0E+00 N/A 
3-Methylphenol/4-Methylphenol 4.9E-01 1.0E+00 N/A 
7.9E-01 1.0E+00 N/A 
4.4E+00 1.0E+00 : 6.3E+00 
3.0E+03 1.0E+00 N/A 




































































‘Cancer Risk 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
Airborne Particulate Concentration (PA) 0.06 (mg/m) Conc. in Air = Conc. in Soil * 0.5 * PM-10 *CF1 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 = (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Relative Absorption Factor (RAF) chemical-specific (unitless) ADD =(Conc. in Air * Exposure Factor) 

Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8 (hours/event) TOXICITY VALUE CONVERSION 

Exposure Period (EP) 3 (days) CSFinhai = [CSForai * BW (70 kg)] / INH (20 m*/day) 
Body Weight (BW) 58 (kg) 

Averaging Time (AT) 27,375 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 





Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 


Table A-2-9 
Current/Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Inhalation of Airborne Volatiles from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 








Average Conc. Conc. in Air Exposure Factor ADDinhai Hazard 
(mg/kg (ppm)) (mg/m?) (unitless) (mg/m’) Quotient 

1,2,4-Trimethylbenzene 2.4E-0 1.2E+04 7.0E-03 

1,3,5-Trimethylbenzene 1.3E-0 1.2E+04 N/A 

1,4-Dichlorobenzene 1.2E-0 1.2E+04 8.0E-01 

2-Butanone 3.4E-0 1.3E+04 5.0E+00 

[Acetone 3.5E-0 1.2E+04 8.0E-01 

(Carbon disulfide 1.9E-0 1.1E+03 7.0E-01 

Chlorobenzene 5.8E-02 5.9E+03 5.0E-02 

Ethylbenzene 1.4E+00 5.1E+03 1.0E+00 

n-Propylbenzene 5.1E-02 6.0E+03 1.0E+00 

Naphthalene 1.2E-0 5.2E+04 3.0E-03 

o-Xylene 2.1E+00 5.8E+03 1.0E-01 

p/m-Xylene 9.9E+00 5.2E+03 1.0E-01 

Total Xylenes 7.5E+00 5.2E+03 1.0E-01 
























































Hazard Index 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
Airborne Particulate Concentration (PA) 0.06 (mg/m) Conc. in Air = Conc. in Soil / VF 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Conversion Factor 2 (CF2) 0.042 (day/hour) ADDinnat =(Conc. in Air * Exposure Factor) 
Exposure Time (ET) 8 (hours/day) Exposure Factor = [(ET * EF * CF2) / AT] 
Exposure Frequency (EF) 3 (days/year) 

Exposure Duration (ED) 1 (years) EQUATION FOR HAZARD QUOTIENT (HQ) 
Averaging Time (AT) 365 (days) Hazard Quotient (HQ) = ADE / RfC 





Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


Table A-2-10 
Current/Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Inhalation of Airborne Volatiles from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADDinhat Unit Risk Cancer Risk 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.06 (mg/m’) Conc. in Air = Conc. in Soil / VF 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADDinhai =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 3 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 1 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 


Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 


Table A-2-11 
Current/Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Groundwater Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF DAevent Exposure Factor DAD RfD oral Hazard 
ing om) infotsvend_| en ven 
Indeno((,2,3-cd)Pyrene 








EXPOSURE ASSUMPTIONS EQUATION FOR DERMAL ABSORPTION DOSE (DAD) 
Skin Surface Area (SA) 3,473 (cm*) DAD = (DAgvent * Exposure Factor) 

Relative Absorption Factor (RAF) chemical-specific (unitless) Exposure Factor = [(SA * RAF * EV * EF * ED) / (BW * AT)] 
Event Frequency (EV) 1 (event/day) 

Exposure Frequency (EF) 3 (days/year) EQUATION FOR HAZARD QUOTIENT (HQ) 

Event Duration (ED) 1 (years) Hazard Quotient (HQ) = DAD / RfD 

Body Weight (BW) 58 (kg) 

Averaging Time (AT) 365 (days) Hazard Index (HI) = Sum of HQs 


RfC = Reference Concentration 


Table A-2-12 
Current/Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Groundwater Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 








Average Concentration RAF DAevent Exposure Factor DAD SF oral Cancer Risk 


Parameter 


(mg/L (ppm)) 


(unitless) 


(mg/cm*-event) 


(cm*-event/kg-day) 


(mg/kg-day) (mg/kg-day)' 








1,2,4-Trimethylbenzene 


1,2-Dichlorobenzene 2.6E-03 


2.4E-01 


p-lsopropyltoluene 1.3E-03 
Toluene 3.9E-03 
2,4-Dimethylphenol 4.9E-03 
Phenanthrene 3.0E-04 


ron 8.4E+00 
inc 1.4E-02 











Cancer Risk 


EXPOSURE ASSUMPTIONS 


ee 


Skin Surface Area (SA) 3,473 


N/A 
N 
N/A 
N/A 
1.0E-01 
N/A 
N/A 
8.0E-02 
N/A 
N 
N 
N 
N 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N 
2.0E-02 
2.0E-02 
N 
N/A 
2.0E-02 
N/A 
N/A 
3.0E-02 
N/A 
N/A 
N/A 


> 


SiS 


(cm’) 





8.7E-05 
5.4E-07 
3.4E-06 
3.4E-07 
8.3E-07 
1.4E-06 
2.7E-08 
8.5E-08 
2.0E-06 
2.0E-06 
4.6E-06 
1.6E-08 
2.4E-06 
7.3E-06 
6.9E-06 
3.0E-06 
2.6E-05 
7.8E-07 
5.2E-07 
2.6E-07 
2.6E-07 
1.3E-06 
1.3E-06 
1.9E-06 
9.8E-09 
1.7E-06 
2.5E-07 
1.8E-07 
2.2E-07 
1.0E-07 
3.3E-05 
3.3E-08 


N/A N/A N/A N/A 











EQUATION FOR DERMAL ABSORPTION DOSE (DAD) 
DAD = (DAgyent * Exposure Factor) 


Relative Absorption Factor (RAF) chemical-specific (unitless) Exposure Factor = [(SA * RAF * EV * EF * ED) / (BW * AT)] 
Event Frequency (EV) 1 (event/day) 

Exposure Frequency (EF) 3 (days/year) EQUATION FOR CANCER RISK 

Exposure Duration (ED) 1 (years) Incremental Cancer Risk = DAD * Cancer Slope Factor (oral) 
Body Weight (BW) 58 (kg) 

Averaging Time (AT) 27,375 (days) Cancer Risk = Sum of Incremental Cancer Risks 


SF = Slope Factor 


Table A-2-12.Supplement A 
Current Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Groundwater Dermal Contact 
Reichhold, Inc., Andover, Massachusetts 


Chemical Groundwater Permeability Lag Fraction Duration 


of Potential Concentration Coefficient Time Absorbed Water of Event 
Concern (CW) (Kp) B (Tevent) t (FA) (tevent) DAevent 
(ug/L) (cm/hr) (dimensionless) (hr) (hr) (dimensionless) (hr) (mg/cm*-event) 


m 
2 








1,2,4-Trimethylbenzene 2.43E+02 8.4E-02 3.5E-01 5.0E-01 1.2E+00 -0E+00 4.0 8.7E-05 
1,2-Dichlorobenzene 2.59E+00 4.1E-02 1.9E-01 7.1E-01 1.7E+00 -0E+00 4.0 5.4E-07 
1,3,5-Trimethylbenzene .25E+0 6.1E-02 2.6E-01 5.0E-01 1.2E+00 -0E+00 4.0 3.4E-06 
1,3-Dichlorobenzene .20E+00 5.8E-02 2.7E-01 7.1E-01 1.7E+00 -0E+00 4.0 3.4E-07 
1,4-Dichlorobenzene 3.91E+00 4.2E-02 2.0E-01 7.1E-01 1.7E+00 -0E+00 4.0 8.3E-07 
4-Methyl-2-pentanone .14E+02 2.7E-03 1.0E-02 3.9E-01 9.3E-0 -0E+00 4.0 1.4E-06 
[Acetone -15E+0 5.2E-04 1.5E-03 2.2E-01 5.3E-0 -0E+00 4.0 2.7E-08 
Benzene .30E+00 1.5E-02 5.1E-02 2.9E-01 7.0E-0 .0E+00 4.0 8.5E-08 
(Chlorobenzene .56E+0 2.8E-02 1.2E-01 4.6E-01 1.1E+00 .0E+00 4.0 2.0E-06 
Ethylbenzene 9.26E+00 4.9E-02 2.0E-01 4.2E-01 1.0E+00 -0E+00 4.0 2.0E-06 
lsopropylbenzene .64E+0 6.4E-02 2.7E-01 4.9E-01 1.2E+00 .0E+00 4.0 4.6E-06 
Methyl tert butyl ether .64E+00 2.1E-03 7.7E-03 3.3E-01 7.9E-0 -0E+00 4.0 1.6E-08 
Naphthalene .12E+0 4.7E-02 2.0E-01 5.6E-01 1.3E+00 -0E+00 4.0 2.4E-06 
n-Butylbenzene 8.21E+00 2.2E-01 9.7E-01 5.9E-01 2.3E+00 -0E+00 4.0 7.3E-06 
n-Propylbenzene .78E+0 9.2E-02 3.9E-01 5.0E-01 1.2E+00 -0E+00 4.0 6.9E-06 
o-Xylene A8E+0 4.7E-02 1.9E-01 4.1E-01 9.9E-0 .0E+00 4.0 3.0E-06 
p/m-Xylene .14E+02 5.2E-02 2.1E-01 4.1E-01 9.9E-0 .0E+00 4.0 2.6E-05 
p-lsopropyltoluene .29E+00 1.4E-01 6.4E-01 5.9E-01 2.4E+00 -0E+00 4.0 7.8E-07 
Toluene 3.86E+00 3.1E-02 1.1E-01 3.5E-01 8.4E-0 -0E+00 4.0 5.2E-07 
2,4-Dimethylphenol 4.93E+00 1.1E-02 4.6E-02 5.2E-01 1.2E+00 -0E+00 4.0 2.6E-07 
2-Methylnaphthalene 7.50E-01 7.2E-02 3.3E-01 6.6E-01 1.6E+00 -0E+00 4.0 2.6E-07 
Benzo(a)pyrene 2.00E-01 7.0E-01 4.3E+00 2.7E+00 1.2E+01 -0E+00 4.0 -3E-06 
Benzo(b)fluoranthene 2.00E-01 7.0E-01 4.3E+00 2.8E+00 1.2E+01 .0E+00 4.0 -3E-06 
Benzo(ghi)perylene 1.50E-01 1.2E+00 7.6E+00 3.7E+00 1.7E+01 -0E+00 4.0 -9E-06 
Fluorene 2.00E-01 7.8E-03 4.1E-02 1.2E+00 2.8E+00 .0E+00 4.0 9.8E-09 
Indeno(1,2,3-cd)Pyrene 2.50E-01 1.0E+00 6.7E+00 3.8E+00 1.7E+01 6.0E-01 4.0 -7E-06 
Phenanthrene 3.00E-01 1.4E-01 7.4E-01 1.1E+00 4.1E+00 -0E+00 4.0 2.5E-07 
Phenol 8.86E+00 4.3E-03 1.6E-02 3.6E-01 8.6E-01 .0E+00 4.0 .8E-07 
Arsenic 5.60E+01 1.0E-03 NA NA NA NA 4.0 2.2E-07 
Barium 2.55E+01 1.0E-03 NA NA NA NA 4.0 -OE-07 
Iron 8.35E+03 1.0E-03 NA NA NA NA 4.0 3.3E-05 
Zinc 1.40E+01 6.0E-04 NA NA NA NA 4.0 3.3E-08 
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Inorganics: DAevent (mg/cm2-event) = 


DAgvent = Kp x CW x tevent x 0.001 mg/ug x 0.001 Vem? (Eq 1) 
Organics: DAevent (mg/cm2-event) = 
DAcvent= _toventSt*: DAevent (mg/em?-event) = 
2 x FA x Kp x Cw x (sqrt((6 X Tt X tevent) / (3.1415))) x CF1 x CF2 (Eq 2) 


tevent>t*: DAgvent (mg/cm*-event) = 
FA x Kp x CW X ( teyen/(14B) + 2x 1 x ((1 + 3B + 3B)/(1+B)”)) xCF1 x CF2 (Eq 3) 


Note: 
NA - Not applicable 
Permeability constants from EPA 2004, Risk Assessment Guidance for Superfund Volume |: Human Health Evaluation Manual (Part E, Supplemental 
Guidance for Dermal Risk Assessment - Final). EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document. 
B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability 
coefficient across the viable epidermis (dimensionless). 
t* - Time to reach steady-state 


Table A-2-12.Supplement B 
Current Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Groundwater Dermal Contact 
Reichhold, Inc., Andover, Massachusetts 


Chemical log Kow? ‘ Kp ” | fog Decllec? | Decllece D.. Rcce t 
(cm/hr) (cm7/hr)| (hr) (hr) 


1,2,4-Trimethylbenzene 1.20E+02 3.63E+00 4.27E+03 -1.08E+00 8.37E-02 | 3.53E-01 -3.47E+00 3.36E-04 1.00E-03 | 3.36E-07 4.95E-01 1.19E+00 
1,3,5-Trimethylbenzene 1.20E+02 3.42E+00 2.63E+03 -1.22E+00 6.08E-02 | 2.56E-01 -3.47E+00 3.36E-04 1.00E-03 | 3.36E-07 4.95E-01 1.19E+00 
Acetone 5.81E+01 -2.40E-01 5.75E-01 -3.28E+00 5.20E-04 1.53E-03 -3.13E+00 7.49E-04 1.00E-03 | 7.49E-07 2.22E-01 5.34E-01 
Benzo(g,h,i)perylene 2.76E+02 6.63E+00 4.27E+06 3.02E-02 1.07E+00 | 6.85E+00 | -4.35E+00 4.51E-05 1.00E-03 | 4.51E-08 3.69E+00 1.65E+01 
Fluorene 1.66E+02 4.18E+00 1.51E+04 -9.72E-01 1.07E-01 5.29E-01 -3.73E+00 1.86E-04 1.00E-03 1.86E-07 8.97E-01 2.15E+00 
lsopropylbenzene 1.20E+02 3.66E+00 4.57E+03 -1.06E+00 8.76E-02 | 3.69E-01 -3.47E+00 3.36E-04 1.00E-03 | 3.36E-07 4.95E-01 1.19E+00 
Methyl tert butyl ether 8.82E+01 9.40E-01 8.71E+00 -2.67E+00 2.12E-03 | 7.66E-03 -3.29E+00 5.09E-04 1.00E-03 | 5.09E-07 3.28E-01 7.87E-01 
n-Butylbenzene 1.34E+02 4.38E+00 2.40E+04 -6.61E-01 2.18E-01 9.73E-01 -3.55E+00 2.81E-04 1.00E-03 | 2.81E-07 5.94E-01 2.29E+00 
n-Propylbenzene 1.20E+02 3.69E+00 4.90E+03 -1.04E+00 9.17E-02 | 3.87E-01 -3.47E+00 3.36E-04 1.00E-03 | 3.36E-07 4.95E-01 1.19E+00 

1.06E+02 3.12E+00 1.32E+03 -1.34E+00 4.62E-02 1.83E-01 -3.39E+00 4.03E-04 1.00E-03 | 4.03E-07 4.13E-01 9.92E-01 

1.34E+02 4.10E+00 1.26E+04 -8.46E-01 1.43E-01 6.36E-01 -3.55E+00 2.81E-04 1.00E-03 | 2.81E-07 5.94E-01 2.35E+00 





Note: 
* Values obtained from DermWin, v. 1.43 (EPA, 2000). Available online at http://www.epa.gov/opptintr/exposure/pubs/episuite.htm. 
8 Equations from Risk Assessment Guidance for Superfund Volume 1; Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment, EPA/540/R/99/005. July 2004). 


Table A-2-13 
Current/Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Inhalation of Volatiles from Groundwater: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration Exposure Factor ADE RfC Hazard 


Hazard Index 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Conversion Factor 2 (CF2) 0.042 (day/hour) ADE =(Conc. in Air * Exposure Factor) 

Exposure Time (ET) 4 (hours/day) Exposure Factor = [(ET * EF * ED* CF2) / AT] 

Exposure Frequency (EF) 3 (days/year) 

Exposure Duration (ED) 1 (years) 

Averaging Time (AT) 365 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 


Table A-2-14 
Current/Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Inhalation of Volatiles from Groundwater: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration Exposure Factor ADE Unit Risk Cancer Risk 
pone | tay | mts | em) | rom 





EXPOSURE ASSUMPTIONS 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 4 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 3 (days/year) Exposure Factor = [(ET * EF * ED* CF2) / AT] 

Exposure Duration (ED) 1 (years) 

Averaging Time (AT) 27,375 (days) 


EQUATION FOR RISK 
Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 


Table A-2-14.Supplement A 
Current Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Inhalation of Volatiles from Groundwater 
Reichhold, Inc., Andover, Massachusetts 


Dimensionless Diffusion Diffusion Effective Liquid-phase 
Concentration in Henry's Law coefficient in | coefficient in water diameter of | mass transfer Concentration in 
Concentration | Water (g/m*) Constant (H' ) air (cm’/s) (cm’/s) source (m) coef (m/s) Air (mg/m?) 
Chemical in Water (mg/L) C. k kg (m/s) 1/K K (mis) E (g/s) Coir 


Keg Da Dy Sc, de 

.2,4-Trimethylbenzene 
.2-Dichlorobenzene 
.3,5-Trimethylbenzene 
.3-Dichlorobenzene 
‘A-Dichlorobenzene 
-Methyl-2-pentanone 
cetone 
enzene 1.71€+00 
Chlorobenzene 
thylbenzene 
sopropylbenzene 2.016+00 

3.06E-06| 5026-07 | 6.98E-05 _| 
aphthalene 1976-03] 4.17E+05| __2.40-06| 2696-06 | 3746-04 | 
n-Butylbenzene 2.016 +00 2.62E-0 
n-Propylbenzene 2.62E-0 
o-Xylene 2.246-0 


/m-Xylene 1.14E-01 1.14E-01 2.13E-01 8.70E-02 1.00E-05 1.73E+00 1.13E+01 3.10E-06 2.55E-03 3.25E+05 3.08E-0! 3.51E-05 4.88E-03 
-Isopropyltoluene 1.29E-03 1.29E-03 5.17E-01 7.50E-02 7.80E-06 2.01E+00 1.13E+01 2.63E-06 2.31E-03 3.82E+05 2.62E-0' 3.37E-07 4.68E-05 
oluene 3.86E-03 3.86E-03 2.72E-01 8.70E-02 8.60E-06 1.73E+00 1.13E+01 2.80E-06 2.55E-03 3.58E+05 2.79E-0' 1.08E-06 1.49E-04 


Concentration in Air (C,i,) = 1000* E/H * Ving * L Parameters Values 
(mg/m’) Concentration in liquid phase (gin) chemical specific 
overall mass transfer coefficient (m/s) calculated 
Emissions from Liquid surface (E) = liquid-phase mass transfer coefficient (m/s) calculated 
(g/s) gas-phase mass transfer coefficient (m/s) calculated 
Equilibrium constant (Henry's Law constant) chemical specific 
Overall Mas Transfer Coefficient (K) = 11K = 11k, + 1/kg * Keg Diffusion coefficient of ether in water (cnf/s) 8.50E-06 
(m/s) Diffusion coefficient in water (cnf/s) chemical specific 
Windspeed (m/s) 1 
Liquid-phase Mass Transfer Coefficient (k,) = 2.78E-06 * (Dy/Dether)”” Area of the source (m’) 100 
(m/s) viscosity of air (g/cm-s) 1.81E-04 
density of air (g/cm*) 1.20E-03 
Gas-phase Mass Transfer Coefficient (kg) = 4.82E-03 * U°”? * Sco?” = doo" Diffusion coefficient in air (cnf/s) chemical specific 
(mig) Height of breathing zone (m) 2 
Average wind speed in breathing zone (m/s) 2.25 
Effective Diameter of Source (d,) = (4* Al n> Length of breathing zone perpendicular to wind (m) 1.6 
(m) 
Note: 
Schmidt Number Calculation (Scg) = Chemical and physical properties from EPA Region 9 PRG Table (EPA, 2004). 
lsopropylbenzene used a surrogate for p-lsopropyltoluene 





Table A-2-15 
Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Incidental Concrete Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Concrete Ingestion Rate (IR) 100 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Time (ET) 8 (hours/day) Hazard Quotient (HQ) = ADD / RfD 

Exposure Frequency (EF) 3 (days/year) Hazard Index (HI) = Sum of HQs 

Exposure Duration (ED) 1 (years) 

Body Weight (BW) 58 (kg) RfD = Reference Dose 


Averaging Time (AT) 365 (days) 


Table A-2-16 
Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Incidental Concrete Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
penmiee | tgtcom) | tains) | egtgaa | empha | ota |_| 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Concrete Ingestion Rate (IR) 100 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 8 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Frequency (EF) 3 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 1 (years) 

Body Weight (BW) 58 (kg) SF = Slope Factor 


Averaging Time (AT) 27,375 (days) 


Table A-2-17 
Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Concrete Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3,473 (cm) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Concrete Adherence Factor (AF) 0.29 (mg/cm?-day) EQUATION FOR HAZARD QUOTIENT (HQ) 

Relative Absorption Factor (RAF) chemical-specific (unitless) Hazard Quotient (HQ) = ADD / RfD 

Exposure Time (ET) 8 (hours/day) Hazard Index (HI) = Sum of HQs 

Exposure Frequency (EF) 3 (days/year) 

Exposure Duration (ED) 1 (years) RfD = Reference Dose 

Body Weight (BW) 58 (kg) 


Averaging Time (AT) 365 (days) 


Table A-2-18 
Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Concrete Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
paneer Ligon) | nites) | tgneday | nonodan | cngtoaays | 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3,473 (cm) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Concrete Adherence Factor (AF) 0.29 (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 

Exposure Time (ET) 8 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 3 (days/year) 

Exposure Duration (ED) 1 (years) SF = Slope Factor 

Body Weight (BW) 58 (kg) 


Averaging Time (AT) 27,375 (days) 


Table A-2-19 
Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Ingestion of Inhaled Particulates from Concrete: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. Conc. in Air ee an Din RfD ee Hazard 
Parameter (mg/kg (ppm)) less) (mg/m”) m/k aan (mg/k Quotient 


2.8E-02 = 2.6E-09 4.1E-03 1.0E- i: = 1.0E-11 


p/m-Xylene 4.0E-03 1.0E+00 3.6 
Phenol 3.3E+00 1.0E+00 3.0 








Chromium (Total) 
(Chromium (II) 


Zinc 1.1E+02 1.0E+00 1 5 4 3 4 8 3 1 07 
\C19-C36 Aliphatics 3.9E+01 1.0E+00 3.5E-06 4.1E-03 1.4E-08 6.0E+00 2.4E-09 

















EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
PM-10 0.06 (mg/m*) Conc. in Air = Conc. in Concrete * 1.5 * PM-10 *CF1 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Relative Absorption Factor (RAF) chemical-specific (unitless) ADD =(Conc. in Air * Exposure Factor) 

Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8 (hours/event) 

Exposure Period (EP) 3 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 

Body Weight (BW) 58 (kg) Hazard Index (HI) = Sum of HQs 

Averaging Time (AT) 365 (days) 





RfD = Reference Dose 


Table A-2-20 
Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Ingestion of Inhaled Particulates from Concrete: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Conc. in Air Exposure Factor ADDinhai-ct SF oral Cancer Risk 
Parameter (mg/kg (ppm)) (unitless) (mg/m”) (m*/kg-day) (mg/kg-day) (mg/kg-d)-1 
2.8E-02 2.6E-09 
pim-xylene 4.06.03 3.6E10 
3.3E+00 3.06.07 
5.8E+01 5.26.06 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

PM-10 0.06 (mg/m) Conc. in Air = Conc. in Concrete * 1.5 * PM-10 *CF1 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m°/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Relative Absorption Factor (RAF) chemical-specific (unitless) ADD =(Conc. in Air * Exposure Factor) 

Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3)/ (BW * AT)] 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8 (hours/event) EQUATION FOR CANCER RISK 

Exposure Period (EP) 3 (days) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Body Weight (BW) 58 (kg) Cancer Risk = Sum of Incremental Cancer Risks 

Averaging Time (AT) 27,375 (days) 


SF = Slope Factor 


RAF Conc. in Air 
(mgim*) 


Parameter 


Average Conc. 
(mg/kg (ppm)) 


Table A-2-21 

Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 

Inhalation of Airborne Particulates from Concrete: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


(unitless) 


Exposure Factor 
(m*/kg-day) 


ADDinhai RFDinhat 


(mg/kg/day) (mg/kg/day) 


Hazard 
Quotient 








Acetone 


2.8E-02 


1.0E+00 8.5E-10 


4.1E-03 3.5E-12 2.3E-01 


1.5E-11 





p/m-Xylene 


4.0E-03 
3.3E+00 


1.0E+00 
1.0E+00 


1.2E-10 


4.1E-03 4.9E-13 2.9E-02 


1.7E-11 





Cadmium 


5.8E+01 
1.2E+00 


1.0E+00 
1.0E+00 





Chromium (Total) 
Chromium (III) 


3.5E+01 
4.3E+01 


1.0E+00 
1.0E+00 





Copper 
Iron 


2.9E+01 
1.8E+04 


1.0E+00 
1.0E+00 





\C19-C36 Aliphatics 


1.1E+02 





1.0E+00 














Hazard Index 


EXPOSURE ASSUMPTIONS 
Airborne Particulate Concentration (PA) 
Conversion Factor 1 (CF1) 
Conversion Factor 3 (CF3) 
Relative Absorption Factor (RAF) 
Inhalation Rate (Inh) 

Number of Exposure Event (EF) 
Exposure Duration (ED) 
Exposure Period (EP) 

Body Weight (BW) 

Averaging Time (AT) 


0.06 

1.0E-06 

0.060 
chemical-specific 

60 

1 

8 

3 

58 

365 


(mg/m") 
(kg/mg) 
(min-m*/hr-l) 
(unitless) 
(min) 
(event/day) 
(hours/event) 
(days) 
(kg) 
(days) 


EQUATION FOR CONCENTRATION IN AIR 
Conc. in Air = Conc. in Concrete * 0.5 * PM-10 *CF1 


EQUATION FOR AVERAGE DAILY DOSE (ADD) 
ADD =(Conc. in Air * Exposure Factor) 
Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 


TOXICITY VALUE CONVERSION 
RfDinha = [RFC *INH (20 m°/day) ] / BW (70 kg) 


EQUATION FOR HAZARD QUOTIENT (HQ) 
Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 





Table A-2-22 

Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 

Inhalation of Airborne Particulates from Concrete: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 








Average Conc. 


(mg/kg (ppm)) 
2.8E-02 


Parameter 
[Acetone 


RAF 
(unitless) 
1.0E+00 


Conc. in Air 
(mg/m*) 


Unit Risk 
(mg/m*)* 


Exposure Factor 
(m*/kg-day) 


ADDinhai 
(mg/kg/day) 


CSF inhal 
(mg/kg-d)-1 


Cancer Risk 





p/m-Xylene 4.0E-03 


1.0E+00 





Phenol 3.3E+00 


1.0E+00 





Barium 5.8E+01 


1.0E+00 





Cadmium 1.2E+00 


1.0E+00 





‘Chromium (Total) 3.5E+01 


1.0E+00 





(Chromium (Ill) 4.3E+01 


1.0E+00 





Copper 2.9E+01 


1.0E+00 





Iron 1.8E+04 


1.0E+00 





Zinc 1.1E+02 


1.0E+00 








(C19-C36 Aliphatics 3.9E+01 


1.0E+00 














‘Cancer Risk 





EXPOSURE ASSUMPTIONS 

Airborne Particulate Concentration (PA) 0.06 (mg/m) 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 
Conversion Factor 3 (CF3) 0.060 = (min-m*/hr-l) 
Relative Absorption Factor (RAF) chemical-specific (unitless) 
Inhalation Rate (Inh) 60 (l/min) 
Number of Exposure Event (EF) 1 (event/day) 
Exposure Duration (ED) 8 (hours/event) 
Exposure Period (EP) 3 (days) 
Body Weight (BW) 58 (kg) 
Averaging Time (AT) 27,375 (days) 





EQUATION FOR CONCENTRATION IN AIR 
Conc. in Air = Conc. in Concrete * 0.5 * PM-10 *CF1 


EQUATION FOR AVERAGE DAILY DOSE (ADD) 
ADD =(Conc. in Air * Exposure Factor) 
Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 


TOXICITY VALUE CONVERSION 
CSF innai = [CSForai “ BW (70 kg)] / INH (20 m/day) 


EQUATION FOR HAZARD QUOTIENT (HQ) 
Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 





Table A-2-23 
Current/Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Inhalation of Airborne Volatiles from Concrete: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 








Average Conc. Conc. in Air Exposure Factor ADDinhai Hazard 
(mg/kg (ppm)) (mg/m?) (unitless) (mg/m’) Quotient 
2.8E-02 1.2E+04 
4.0E-03 5.2E+03 
3.3E+00 N/A 
5.8E+01 N/A 
1.2E+00 N/A 
‘Chromium (Total) 3.5E+01 N/A 
(Chromium (III) 4.3E+01 N/A 
2.9E+01 N/A 
1.8E+04 N/A 
1.1E+02 N/A 
(C19-C36 Aliphatics 3.9E+01 N/A 












































Hazard Index 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
Airborne Particulate Concentration (PA) 0.06 (mg/m) Conc. in Air = Conc. in Concrete / VF 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Conversion Factor 2 (CF2) 0.042 (day/hour) ADDinhat =(Conc. in Air * Exposure Factor) 
Exposure Time (ET) 8 (hours/day) Exposure Factor = [(ET * EF * CF2) / AT] 
Exposure Frequency (EF) 3 (days/year) 

Exposure Duration (ED) 1 (years) EQUATION FOR HAZARD QUOTIENT (HQ) 
Averaging Time (AT) 365 (days) Hazard Quotient (HQ) = ADE / RfC 





Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


Table A-2-24 
Current/Future Land Use Scenario (Former Manufacturing Area) - Utility Worker 
Inhalation of Airborne Volatiles from Concrete: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADDinhat Unit Risk Cancer Risk 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.06 (mgim’) Conc. in Air = Conc. in Concrete / VF 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADDinhai =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 3 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 1 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 


Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 


Table A-3-1 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Incidental Soil Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 
Phenanthrene | tEO1 | 86-01 T8508 T2108 | 3.0E-02 E07 


Hazard Index 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Time (ET) 8 (hours/day) Hazard Quotient (HQ) = ADD / RfD 

Exposure Frequency (EF) 150 (days/year) Hazard Index (HI) = Sum of HQs 

Exposure Duration (ED) 27 (years) 

Body Weight (BW) 70 (kg) RfD = Reference Dose 


Averaging Time (AT) 9,855 (days) 


Table A-3-2 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Incidental Soil Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
ingagorn) | canon | tghedm) | mrodoy | moat |_| 
Phenanthrene | tEOT TNA NANA NANA 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 8 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Frequency (EF) 150 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 27 (years) 

Body Weight (BW) 70 (kg) SF = Slope Factor 


Averaging Time (AT) 27,375 (days) 
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1,2,4-Trimethylbenzene | 
[1.2-Dichlorobenzene | 2.3E*00 | 1.0E-01 
[1.3,5-TrimethyIbenzene | 46E*O1 | 1-TE-OT 
[1.4-Dichlorobenzene | SEHOO | 1.0E-01 
2-Butanone Tt OEHOT TO 10E-0T 
4-Methyl2-pentanone | 84E*00 | 1.0E-01 
Acetone 8 EHOO | 10E-0T 
Benzene 8 9E-OT | 80E-02 
Carbondisulfide | SEHOO E01 
Chiorobenzene | EHOO | 1.0E-01 
Ethylbenzene | 62EHOT 20-01 
lsopropylbenzene | 9EHOO | TE-OT 
nButylbenzene | OEHOT EO 
In-Propylbenzene | A EHOO | TE-O1 
Naphthalene | 9SEHOO | 10E-0T 
Methyl tert butylether | 1E#00_ | 1.0E-01 
Methylene chloride | 5 EHOO | 1.0E-01 
jo-xylene EON 2-01 
p-Isopropyitoluene | EHOO | 1E-O1 
pim-xylene EHO 2E-OT 
sec-Butylbenzene | 2EH00 | TE-OT 
Styrene EHO 20-01 
rowene EHO 2E-OT 
Total Xylenes | E021 2E-0T 
2.4-Dimethylphenol | 42-01 2.8E-0T 
s-Methylphenol/4-Methylphenol__ | 5.5E-01 | 1.7E-01 
Phenol EHO 2 6E-OT 
2-Methyinaphthalene | 12E*00 | 1.0E-01 
pis(2-Ethylhexy)phthalate | 2.8E-0T | 206-02 
Dibenzofuran | 0E-OT A E-OT 
Phenanthrene | EOT | 10E-0T 
Arsenic 7 8EHOO | .0E-02 
Barium EHO 50-02 
Cadmium EHO EO 
Chromium EXOT 90-02 
Copper EHO T8002 
ron EOS 8.002 
bead EHO 0-03 
siver 0E-OT 2 5E-OT 
Zing E02 | 20-02 


EXPOSURE ASSUMPTIONS 
Skin Surface Area (SA) 
Conversion Factor 1 (CF1) 
Conversion Factor 2 (CF2) 
Soil Adherence Factor (AF) 
Relative Absorption Factor (RAF) 
Exposure Time (ET) 
Exposure Frequency (EF) 
Exposure Duration (ED) 
Body Weight (BW) 
Averaging Time (AT) 


Average Conc. 
(mg/kg (ppm)) 


Table A-3-3 

Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Soil Dermal Contact: Hazard Index 

Reichhold, Inc., Andover, Massachusetts 


RAF 
(unitless) 


Exposure Factor 
(kg/kg-day) 


ADD RfD oral Hazard 
(mg/kg-day) (mg/kg-day) Quotient 


E+02 11-01 2.2608 3.06.06 


nN 


-3E+00 
-6E+01 
.3E+00 
-OE+01 
8.4E+00 
8.7E+00 
8.9E-01 

-5E+00 
-8E+00 
.2E+01 
-9E+00 
-OE+01 
4.1E+00 
9.5E+00 
1.1E+00 
5.1E+00 
-1E+01 
-7E+00 
-2E+01 
-2E+00 
5.6E+00 
-9E+00 
-2E+02 
4.2E-01 

5.5E-01 

.3E+01 
-2E+00 
2.8E-01 

3.0E-01 

6.1E-01 

7.8E+00 
2.2E+01 
4.7E+00 
1.7E+01 
1.6E+01 
9.5E+03 
2.3E+01 
3.0E-01 

7.4E+02 


4 


6 





6 





3,411 

1.0E-06 

0.042 

0.03 
chemical-specific 
8 

150 

27 

70 

9,855 


1.0E-0 
1.1E-01 
1.0E-0 
1.0E-01 
1.0E-0 
1.0E-01 
8.0E-02 
1.1E-01 
1.0E-0 
2.0E-01 
1.1E-0 
1.1E-01 
1.1E-01 
1.0E-01 
1.0E-0 
1.0E-01 
1.2E-0 
1.1E-01 
1.2E-0 
1.1E-01 
2.0E-0 
1.2E-01 
1.2E-01 
2.6E-01 
1.7E-0 
2.6E-01 
1.0E-01 
2.0E-02 
1.7E-01 
1.0E-01 
3.0E-02 
5.0E-02 
1.4E-01 
9.0E-02 
3.0E-02 
3.0E-02 
6.0E-03 
2.5E-01 
2.0E-02 








(cm‘) 
(kg/mg) 
(day/hour) 
(mg/cm*-day) 
(unitless) 
(hours/day) 
(days/year) 
(years) 
(kg) 
(days) 


2.0E-02 5.5E-08 
1.0E-03 1.0E-05 
3.0E-02 416-07 
3.0E-04 1.6E-04 
2.0E-01 1-16-06 
1.0E-03 1.3E-04 
3.0E-03 1.0E-04 


4.0E-02 
7.0E-01 
7.5E-04 
5.0E-03 
3.0E-01 


2.5E-06 
8.1E-05 
3.7E-05 
3.0E-06 
9.9E-06 


EQUATION FOR AVERAGE DAILY DOSE (ADD) 
ADD = (Conc. * Exposure Factor) 
Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 


EQUATION FOR HAZARD QUOTIENT (HQ) 
Hazard Quotient (HQ) = ADD / RfD 
Hazard Index (HI) = Sum of HQs 


RfD = Reference Dose 


Table A-3-4 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Soil Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
paneer Liston) | unten) | tgneday | nonoaay | cngtoaays | 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3,411 (cm) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.03 (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 

Exposure Time (ET) 8 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 150 (days/year) 

Exposure Duration (ED) 27 (years) SF = Slope Factor 

Body Weight (BW) 70 (kg) 


Averaging Time (AT) 27,375 (days) 


Table A-3-5 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Inhalation of Airborne Particulates and Volatiles from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 








Average Conc. Conc. in Air Exposure Factor Hazard 
(mg/kg (ppm)) (mg/m’) (unitless) Quotient 

1,2,4-Trimethylbenzene 1.4E+02 .2E+04 7.0E-03 
1,2-Dichlorobenzene 2.3E+00 .4E+04 2.0E-01 
1,3,5-Trimethylbenzene 4.6E+01 .2E+04 N/A 

1,4-Dichlorobenzene 1.3E+00 .2E+04 8.0E-01 
2-Butanone 1.0E+01 3E+04 5.0E+00 
4-Methyl-2-pentanone 8.4E+00 9.9E+03 3.0E+00 
[Acetone 8.7E+00 .2E+04 8.0E-01 
Benzene 8.9E-01 2.6E+03 3.0E-02 
(Carbon disulfide 1.5E+00 -1E+03 7.0E-01 
(Chlorobenzene 1.8E+00 5.9E+03 5.0E-02 
Ethylbenzene 6.2E+01 5.1E+03 1.0E+00 
Isopropylbenzene 1.9E+00 .0E+03 4.0E-01 
n-Butylbenzene 1.0E+01 7.7E+03 N/A 

n-Propylbenzene 4.1E+00 6.0E+03 1.0E+00 
Naphthalene 9.5E+00 5.2E+04 3.0E-03 
Methyl tert butyl ether 1.1E+00 3.9E+03 3.0E+00 
Methylene chloride 5.1E+00 2.3E+03 6.0E-01 
o-Xylene 1.1E+01 5.8E+03 1.0E-01 
p-lsopropyltoluene 1.7E+00 1.0E+03 4.0E-01 
p/m-Xylene 6.2E+01 5.2E+03 1.0E-01 
isec-Butylbenzene 1.2E+00 7.0E+03 N/A 

Styrene 5.6E+00 1.3E+04 1.0E+00 
Toluene 1.9E+00 3.7E+03 5.0E+00 
Total Xylenes 1.2E+02 5.2E+03 1.0E-01 
2,4-Dimethylphenol 4.2E-01 N/A 7.0E-02 
3-Methylphenol/4-Methylphenol 5.5E-01 N/A N/A 

Phenol 1.3E+01 N/A 2.6E-01 
2-Methylnaphthalene 1.2E+00 N/A 5.0E-02 
bis(2-Ethylhexyl)phthalate 2.8E-01 N/A 7.0E-03 
Dibenzofuran 3.0E-01 N/A N/A 

Phenanthrene 6.1E-01 N/A 5.0E-02 
Arsenic 7.8E+00 N/A 2.5E-06 
Barium 2.2E+01 N/A 5.0E-04 
Cadmium 4.7E+00 N/A 2.0E-05 
(Chromium 1.7E+01 N/A 1.0E-04 
Copper 1.6E+01 N/A N/A 

Iron 9.5E+03 N/A N/A 

Lead 2.3E+01 N/A 1.0E-03 
Silver 3.0E-01 N/A 1.4E-04 
Zinc 7.4E+02 N/A 1.4E-03 















































































































































Hazard Index 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m*) Conc. in Air = Conc. in Soil * [PA * CF1+1/(VF)] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 150 (days/year) Exposure Factor = [(ET * EF * ED * CF2)/ AT] 

Exposure Duration (ED) 27 (years) 

Averaging Time (AT) 9,855 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 





Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


Table A-3-6 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Inhalation of Airborne Particulates and Volatiles from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 








Average Conc. Conc. in Air Exposure Factor Unit Risk Cancer Risk 

(mg/kg (ppm)) (mg/m?) (unitless) (mg/m*)" 
1,2,4-Trimethylbenzene 1.4E+02 .2E+04 N/A 
1,2-Dichlorobenzene 2.3E+00 .4E+04 N/A 
1,3,5-Trimethylbenzene 4.6E+01 .2E+04 N/A 
1,4-Dichlorobenzene 1.3E+00 .2E+04 6.9E-03 
2-Butanone 1.0E+01 .3E+04 N/A 
4-Methyl-2-pentanone 8.4E+00 9.9E+03 N/A 
[Acetone 8.7E+00 .2E+04 N/A 
Benzene 8.9E-01 2.6E+03 7.8E-03 
Carbon disulfide 1.5E+00 -1E+03 N/A 
(Chlorobenzene 1.8E+00 5.9E+03 N/A 
Ethylbenzene 6.2E+01 5.1E+03 N/A 
lsopropylbenzene 1.9E+00 .0E+03 N/A 
n-Butylbenzene 1.0E+01 7.7E+03 N/A 
n-Propylbenzene 4.1E+00 6.0E+03 N/A 
Naphthalene 9.5E+00 5.2E+04 N/A 
Methyl tert butyl ether 1.1E+00 3.9E+03 N/A 
Methylene chloride 5.1E+00 2.3E+03 1.0E-05 
o-Xylene 1.1E+01 5.8E+03 N/A 
p-lsopropyltoluene 1.7E+00 1.0E+03 N/A 
p/m-Xylene 6.2E+01 5.2E+03 N/A 
isec-Butylbenzene 1.2E+00 7.0E+03 N/A 
Styrene 5.6E+00 1.3E+04 5.7E-04 
Toluene 1.9E+00 3.7E+03 N/A 
Total Xylenes 1.2E+02 5.2E+03 N/A 
2,4-Dimethylphenol 4.2E-01 N/A N/A 
3-Methylphenol/4-Methylphenol 5.5E-01 N/A N/A 
Phenol 1.3E+01 N/A N/A 
2-Methylnaphthalene 1.2E+00 N/A N/A 
bis(2-Ethylhexyl)phthalate 2.8E-01 N/A 1.3E-03 
Dibenzofuran 3.0E-01 N/A N/A 
Phenanthrene 6.1E-01 N/A N/A 
Arsenic 7.8E+00 N/A 4.3E+00 
Barium 2.2E+01 N/A N/A 
Cadmium 4.7E+00 N/A 1.8E+00 
(Chromium 1.7E+01 N/A 1.2E+01 
Copper 1.6E+01 N/A N/A 
Iron 9.5E+03 N/A N/A 
Lead 2.3E+01 N/A N/A 
Silver 3.0E-01 N/A N/A 
Zinc 7.4E+02 N/A N/A 









































































































































‘Cancer Risk 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m?) Conc. in Air = Conc. in Soil * [PA * CF1 + 1/ (VF) ] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 150 (days/year) Exposure Factor = [(ET * EF * ED * CF2)/ AT] 

Exposure Duration (ED) 27 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 





Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 


Table A-3-11 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Incidental Concrete Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 
Copper TOT E01 eos | teoe TBE 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Concrete Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1. (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Time (ET) 8 (hours/day) Hazard Quotient (HQ) = ADD / RfD 

Exposure Frequency (EF) 150 (days/year) Hazard Index (HI) = Sum of HQs 

Exposure Duration (ED) 27 (years) 

Body Weight (BW) 70 (kg) RfD = Reference Dose 


Averaging Time (AT) 9,855 (days) 


Table A-3-12 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Incidental Concrete Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
imgtgicom) | tain) | atom | opted | eongas |_| 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Concrete Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 8 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Frequency (EF) 150 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 27 (years) 

Body Weight (BW) 70 (kg) SF = Slope Factor 


Averaging Time (AT) 27,375 (days) 


Table A-3-14 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Concrete Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3,411 (cm) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Concrete Adherence Factor (AF) 0.03 (mg/cm?-day) EQUATION FOR HAZARD QUOTIENT (HQ) 

Relative Absorption Factor (RAF) chemical-specific (unitless) Hazard Quotient (HQ) = ADD / RfD 

Exposure Time (ET) 8 (hours/day) Hazard Index (HI) = Sum of HQs 

Exposure Frequency (EF) 150 (days/year) 

Exposure Duration (ED) 2r- (years) RfD = Reference Dose 

Body Weight (BW) 70 (kg) 


Averaging Time (AT) 9,855 (days) 


Table A-3-15 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Concrete Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
wrgraoon) | cate, | ghey) | mitnsopy | inptecyet |_| 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3,411 (cm?) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Concrete Adherence Factor (AF) 0.03 (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 

Exposure Time (ET) 8 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 150 (days/year) 

Exposure Duration (ED) 27 (years) SF = Slope Factor 

Body Weight (BW) 70 (kg) 


Averaging Time (AT) 27,375 (days) 


Table A-3-16 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Inhalation of Airborne Particulates and Volatiles from Concrete: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADE RfC Hazard 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m) Conc. in Air = Conc. in Concrete * [PA * CF1 +1/(VF)] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 150 (days/year) Exposure Factor = [(ET * EF * ED * CF2)/ AT] 

Exposure Duration (ED) 27 (years) 

Averaging Time (AT) 9,855 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


Table A-3-17 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Inhalation of Airborne Particulates and Volatiles from Concrete: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADE Unit Risk Cancer Risk 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m”) Conc. in Air = Conc. in Concrete * [PA * CF1 + 1/ (VF) ] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 150 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 27 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 


Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 


Table A-3-18 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Inhalation of Volatiles from Indoor Air: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration Exposure Factor ADE RfC Hazard 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Conversion Factor 2 (CF2) 0.042 (day/hour) ADE =(Conc. in Air * Exposure Factor) 

Exposure Time (ET) 8 (hours/day) Exposure Factor = [(ET * EF * ED * CF2) / AT] 
Exposure Frequency (EF) 250 (days/year) 

Exposure Duration (ED) 27 (years) 

Averaging Time (AT) 9,855 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 


Table A-3-19 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Inhalation of Volatiles from Indoor Air: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration Exposure Factor ADE Unit Risk Cancer Risk 
panne | tay | unt) || rom | 





EXPOSURE ASSUMPTIONS 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 250 (days/year) Exposure Factor = [(ET * EF * ED * CF2)/ AT] 

Exposure Duration (ED) 27 (years) 

Averaging Time (AT) 27,375 (days) 


EQUATION FOR RISK 
Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 


Table A-3-7 
Current Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Inhalation of Volatiles from Indoor Air: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration Exposure Factor ADE RfC Hazard 
Parameter (mg/m*) (unitless) (mg/m*) (mg/m’) Quotient 


Methyl tert butyl ether 3.1E-05 2.3E-01 7.1E-06 3.0E+00 2.4E-06 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Conversion Factor 2 (CF2) 0.042 (day/hour) ADE =(Conc. in Air * Exposure Factor) 

Exposure Time (ET) 8 (hours/day) Exposure Factor = [(ET * EF * ED * CF2)/ AT] 
Exposure Frequency (EF) 250 (days/year) 

Exposure Duration (ED) 27 (years) 

Averaging Time (AT) 9,855 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 


Table A-3-8 
Current Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Inhalation of Volatiles from Indoor Air: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration Exposure Factor ADE Unit Risk Cancer Risk 
Parameter (mg/m*) (unitless) (mg/m*) (mg/m*)" 


Methyl tert butyl ether 3.1E-05 8.2E-02 2.6E-06 





EXPOSURE ASSUMPTIONS 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 250 (days/year) Exposure Factor = [(ET * EF * ED * CF2)/ AT] 

Exposure Duration (ED) 27 (years) 

Averaging Time (AT) 27,375 (days) 


EQUATION FOR RISK 
Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 


Table A-3-9 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Inhalation of Volatiles from Indoor Air: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration Exposure Factor ADE RfC Hazard 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Conversion Factor 2 (CF2) 0.042 (day/hour) ADE =(Conc. in Air * Exposure Factor) 

Exposure Time (ET) 8 (hours/day) Exposure Factor = [(ET * EF * ED * CF2) / AT] 
Exposure Frequency (EF) 250 (days/year) 

Exposure Duration (ED) 27 (years) 

Averaging Time (AT) 9,855 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 


Table A-3-10 
Future Land Use Scenario (Former Manufacturing Area) - Industrial Worker 
Inhalation of Volatiles from Indoor Air: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration Exposure Factor ADE Unit Risk Cancer Risk 
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EXPOSURE ASSUMPTIONS 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 250 (days/year) Exposure Factor = [(ET * EF * ED * CF2)/ AT] 

Exposure Duration (ED) 27 (years) 

Averaging Time (AT) 27,375 (days) 


EQUATION FOR RISK 
Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 


Table A-4-1 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Incidental Soil Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 
po evo OEHOO | te-07 | 3.6E-06 | 1.000 | 3. E-06 


Hazard Index 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 100 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Time (ET) 8 (hours/day) Hazard Quotient (HQ) = ADD / RfD 

Exposure Frequency (EF) 130 (days/year) Hazard Index (HI) = Sum of HQs 

Exposure Duration (ED) 1 (years) 

Body Weight (BW) 58 (kg) RfD = Reference Dose 


Averaging Time (AT) 182 (days) 


Table A-4-2 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Incidental Soil Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
pammier | gtorm) | entooy | toneay) | inpreny | eds | 


Cancer Risk 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 100 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 8 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Frequency (EF) 130 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 1 (years) 

Body Weight (BW) 58 (kg) SF = Slope Factor 


Averaging Time (AT) 27,375 (days) 


Table A-4-3 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Soil Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 


Hazard Index 








EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3473 (cm*) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.29 (mg/cm*-day) EQUATION FOR HAZARD QUOTIENT (HQ) 

Relative Absorption Factor (RAF) chemical-specific (unitless) Hazard Quotient (HQ) = ADD / RfD 

Exposure Time (ET) 8 (hours/day) Hazard Index (HI) = Sum of HQs 

Exposure Frequency (EF) 130 (days/year) 

Exposure Duration (ED) 1 (years) RfD = Reference Dose 

Body Weight (BW) 58 (kg) 


Averaging Time (AT) 182 (days) 


Table A-4-4 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Soil Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
pater | gto | tony | tated | cnpracioy | nptecops | 








EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3473 (cm) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.29  (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 

Exposure Time (ET) 8 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 130 (days/year) 

Exposure Duration (ED) 1 (years) SF = Slope Factor 

Body Weight (BW) 58 (kg) 


Averaging Time (AT) 27,375 (days) 


Table A-4-5 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Ingestion of Inhaled Particulates from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Conc. in Air Exposure Factor ADDinhat-ci RfD oral Hazard 


Hazard Index 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
PM-10 0.06 (mg/m*) Conc. in Air = Conc. in Soil * 1.5 * PM-10 *CF1 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Relative Absorption Factor (RAF) chemical-specific (unitless) ADDinhat-ci =(Conc. in Air * Exposure Factor) 
Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8 (hours/event) 

Exposure Period (EP) 130 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 
Body Weight (BW) 58 (kg) Hazard Index (HI) = Sum of HQs 

Averaging Time (AT) 182 (days) 


RfD = Reference Dose 


Table A-4-6 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Ingestion of Inhaled Particulates from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Conc. in Air Exposure Factor ADDinhat-ci SF oral Cancer Risk 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

PM-10 0.06 (mg/m*) Conc. in Air = Conc. in Soil * 1.5 * PM-10 *CF1 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Relative Absorption Factor (RAF) chemical-specific (unitless) ADDinhal-ci =(Conc. in Air * Exposure Factor) 

Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8 (hours/event) EQUATION FOR CANCER RISK 

Exposure Period (EP) 130 (days) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Body Weight (BW) 58 (kg) Cancer Risk = Sum of Incremental Cancer Risks 

Averaging Time (AT) 27,375 (days) 


SF = Slope Factor 


Table A-4-7 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Inhalation of Airborne Particulates from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Conc. in Air Exposure Factor ADDinhal RFDinhat Hazard 
Parameter (mg/kg (ppm)) (unitless) (mg/m?) (m*/kg-day) (mg/kg/day) (mg/kg/day) Quotient 
1,2,4-Trimethylbenzene 1.4E+02 1.0E+00 al H 2.0E-03 7.3E-04 
1,2-Dichlorobenzene 2.3E+00 1.0E+00 

















[Acetone 





Benzene 


Ethylbenzene 
n-Butylbenzene 
Naphthalene 
Methylene chloride 




















p-lsopropyltoluene 
isec-Butylbenzene 














bis(2-Ethylhexyl)phthalate 
Dibenzofuran 




















Hazard Index 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
Airborne Particulate Concentration (PA) 0.06 (mg/m*) Conc. in Air = Conc. in Soil * 0.5 * PM-10 *CF1 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Relative Absorption Factor (RAF) chemical-specific (unitless) ADDinhat =(Conc. in Air * Exposure Factor) 
Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8  (hours/event) TOXICITY VALUE CONVERSION 

Exposure Period (EP) 130 (days) RfDinha = [ RFC *INH (20 m°/day) ]/ BW (70 kg) 
Body Weight (BW) 58 (kg) 

Averaging Time (AT) 182 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 





Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 


Parameter 


Table A-4-8 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Inhalation of Airborne Particulates from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Conc. in Air Exposure Factor ADDinhal Unit Risk 
(mg/kg (ppm)) (unitless) (mg/m?) (m*/kg-day) (mg/kg/day) (mg/m*)" 


CSFinhal 
(mg/kg-d)-1 


Cancer Risk 








1,2,4-Trimethylbenzene 


1.4E+02 1.0E+00 k N/A 


N/A 


N/A 





1,2-Dichlorobenzene 


2.3E+00 1.0E+00 








[Acetone 





Benzene 








Ethylbenzene 
lsopropylbenzene 





n-Butylbenzene 
in-Propylbenzene 








Methylene chloride 
lo-Xylene 





p-lsopropyltoluene 
p/m-Xylene 














bis(2-Ethylhexyl)phthalate 


1.0E+00 
1.0E+00 





Dibenzofuran 





1.5E+01 
N/A 





1.0E+00 ; ‘ 3 1.8E+00 
1.0E+00 : 1.2E+01 


6.3E+00 
4.2E+01 





N/A 
N/A 


N/A 
N/A 





N/A 
N/A 


N/A 
N/A 





EXPOSURE ASSUMPTIONS 


N/A 


EQUATION FOR CONCENTRATION IN AIR 





Airborne Particulate Concentration (PA) 
Conversion Factor 1 (CF1) 
Conversion Factor 3 (CF3) 

Relative Absorption Factor (RAF) 
Inhalation Rate (Inh) 

Number of Exposure Event (EF) 
Exposure Duration (ED) 

Exposure Period (EP) 

Body Weight (BW) 

Averaging Time (AT) 


N/A 


0.06 (mg/m*~) Conc. in Air = Conc. in Soil * 0.5 * PM-10 *CF1 
1.0E-06 (kg/mg) 
0.060. (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
chemical-specific (unitless) ADDinhai =(Conc. in Air * Exposure Factor) 
60 (/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW* AT)] 
1 (event/day) 
8 (hours/event) TOXICITY VALUE CONVERSION 
130 (days) CSFinhat = [CSFora * BW (70 kg)] / INH (20 m°/day) 
58 (kg) 
27,375 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 





Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 





Table A-4-9 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Inhalation of Airborne Volatiles from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADDinhal RfC Hazard 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
Airborne Particulate Concentration (PA) 0.06 (mg/m”) Conc. in Air = Conc. in Soil / VF 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 = (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Conversion Factor 2 (CF2) 0.042 (day/hour) ADDinnai =(Conc. in Air * Exposure Factor) 
Exposure Time (ET) 8 (hours/day) Exposure Factor = [(ET * EF * CF2) / AT] 
Exposure Frequency (EF) 130 (days/year) 

Exposure Duration (ED) 1 (years) EQUATION FOR HAZARD QUOTIENT (HQ) 
Averaging Time (AT) 182 (days) Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


Table A-4-10 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Inhalation of Airborne Volatiles from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADDinhal Unit Risk Cancer Risk 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.06 (mgim*) Conc. in Air = Conc. in Soil / VF 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADDinhai =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 130 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 1 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 


Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 


Table A-4-11 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Groundwater Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF DAevent Exposure Factor DAD RfD oral Hazard 
ing om) infor) 
Benzo(ghijperylene 

















EXPOSURE ASSUMPTIONS EQUATION FOR DERMAL ABSORPTION DOSE (DAD) 
Skin Surface Area (SA) 3,473 (cm*) DAD = (DAgyent * Exposure Factor) 

Event Frequency (EV) 1 (event/day) Exposure Factor = [(SA * RAF * EV * EF * ED) / (BW * AT)] 
Relative Absorption Factor (RAF) chemical-specific (unitless) 

Exposure Frequency (EF) 30 (days/year) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Duration (ED) 1 (years) Hazard Quotient (HQ) = DAD / RfD 

Body Weight (BW) 58 (kg) 

Averaging Time (AT) 182 (days) 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 


Table A-4-12 


Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Groundwater Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 








Parameter 


Average Concentration 
(mg/L (ppm)) 


RAF 
(unitless) 


DAevent 
(mg/cm*-event) 


Exposure Factor 
(kg/kg-day) 


DAD 
(mg/kg-day) 


SF oral 
(mg/kg-day)" 


Cancer Risk 








1,2,4-Trimethylbenzene 


1,2-Dichlorobenzene 8.3E-03 


4.8E-01 


N/A 


1.7E-04 


N/ 


/ 


N. N/A N/A 
NIA N/A 


N 
N 
N 
Ni 
N 


5.2E-03 1.9E-09 5.5E-02 1.1E-10 


sopropylbenzene 2.2E-02 


Methyl tert butyl ether 4.2E-03 


3.1E-02 
6.1E-03 
1.9E-02 


laphthalene 
n-Butylbenzene 
n-Propylbenzene 


isec-Butylbenzene 4.1E-03 


2,4-Dichlorophenol 3.0E-03 


12,4-Dimethylphenol 4.5E-03 


2-Methylnaphthalene 4.3E-04 


3-Methylphenol/4-Methylphenol 2.6E-03 


Benzo(a)pyrene 2.0E-04 


Benzo(b)fluoranthene 2.0E-04 


Benzo(ghi)perylene 1.8E-04 


Dibenzo(a,h)anthracene 1.8E-04 


1.3E-02 1.2E-08 3.0E-02 3.5E-10 


> 


> 


IA 
IA 
IA 
A 
IA 
IA 
IA 
IA 
IA 
IA 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 


A 

A 
/A 
/A 
/A 
/A 
/A 
/A 
/A 
/A 
/A 
/A 


N. 
N. 
i N. 
N. 
N. 
1 N. 
| N. 
I N. 
U N. 
U N. 
U N. 
N. 
U N. 
i N. 
N. 
N 
/, N 
/, N 
/, Ni 
/, N 


N 
N 
N 
N 
N 
N 
N 
N 
N 
N. 
N. 
N. 


PNA TNA NANA 
PNA TNA NANA 
PNA TNA NANA 
PNA TNA NANA 
PNA TNA NANA 








> 


> 
N 





arium 1.6E-02 


inc 1.9E-02 


> 

















EXPOSURE ASSUMPTIONS EQUATION FOR DERMAL ABSORPTION DOSE (DAD) 
Skin Surface Area (SA) 3,473 (cm’*) DAD = (DAgyent * Exposure Factor) 

Event Frequency (EV) 1 (event/day) Exposure Factor = [(SA * RAF * EV * EF * ED) / (BW * AT)] 
Relative Absorption Factor (RAF) chemical-specific (unitless) 

Exposure Frequency (EF) 30 (days/year) EQUATION FOR CANCER RISK 

Exposure Duration (ED) 1 (years) Incremental Cancer Risk = DAD * Cancer Slope Factor (oral) 
Body Weight (BW) 58 (kg) 

Averaging Time (AT) 27,375 (days) 


Cancer Risk = Sum of Incremental Cancer Risks 
SF = Slope Factor 


Table A-4-12.Supplement A 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Groundwater Dermal Contact 
Reichhold, Inc., Andover, Massachusetts 


Chemical Groundwater Permeability Lag Fraction Duration 


of Potential Concentration Coefficient Time Absorbed Water of Event 
Concern (CW) (Kp) B (Tevent) a (FA) (tevent) DAevent 
(ug/L) (cm/hr) (dimensionless) (hr) (hr) (dimensionless) (hr) (mg/cm*-event) 


m 
2 








1,2,4-Trimethylbenzene 4.82E+02 8.4E-02 3.5E-01 5.0E-01 1.2E+00 .0E+00 4.0 1.7E-04 
1,2-Dichlorobenzene 8.30E+00 4.1E-02 1.9E-01 7.1E-01 1.7E+00 -0E+00 4.0 1.7E-06 
1,2-Dichloroethane 2.93E+00 4.2E-03 1.6E-02 3.8E-01 9.2E-0 -0E+00 4.0 5.8E-08 
1,3,5-Trimethylbenzene 1.26E+02 6.1E-02 2.6E-01 5.0E-01 1.2E+00 -0E+00 4.0 3.4E-05 
1,3-Dichlorobenzene 8.84E+00 5.8E-02 2.7E-01 7.1E-01 1.7E+00 -0E+00 4.0 2.5E-06 
1,4-Dichlorobenzene 1.34E+0 4.2E-02 2.0E-01 7.1E-01 1.7E+00 -0E+00 4.0 2.8E-06 
4-Methyl-2-pentanone 3.74E+0 2.7E-03 1.0E-02 3.9E-01 9.3E-0 .0E+00 4.0 4.7E-07 
[Acetone 2.89E+0 5.2E-04 1.5E-03 2.2E-01 5.3E-0 .0E+00 4.0 6.7E-08 
Benzene 5.54E+00 1.5E-02 5.1E-02 2.9E-01 7.0E-0 .0E+00 4.0 3.6E-07 
Chlorobenzene 4.37E+0 2.8E-02 1.2E-01 4.6E-01 1.1E+00 -0E+00 4.0 5.7E-06 
Ethylbenzene 5.32E+02 4.9E-02 2.0E-01 4.2E-01 1.0E+00 -0E+00 4.0 1.1E-04 
lsopropylbenzene 2.16E+0 6.4E-02 2.7E-01 4.9E-01 1.2E+00 -0E+00 4.0 6.1E-06 
Methyl tert butyl ether 4.23E+00 2.1E-03 7.7E-03 3.3E-01 7.9E-0 -0E+00 4.0 4.2E-08 
Naphthalene 3.15E+0 4.7E-02 2.0E-01 5.6E-01 1.3E+00 -0E+00 4.0 6.8E-06 
n-Butylbenzene 6.08E+00 2.2E-01 9.7E-01 5.9E-01 2.3E+00 -0E+00 4.0 5.4E-06 
n-Propylbenzene 1.93E+0 9.2E-02 3.9E-01 5.0E-01 1.2E+00 -0E+00 4.0 7.5E-06 
o-Xylene 1.16E+02 4.7E-02 1.9E-01 4.1E-01 9.9E-0 .0E+00 4.0 2.4E-05 
p/m-Xylene 6.47E+02 5.2E-02 2.1E-01 4.1E-01 9.9E-0 -0E+00 4.0 1.5E-04 
p-lsopropyltoluene 1.44E+0 1.4E-01 6.4E-01 5.9E-01 2.4E+00 -0E+00 4.0 8.8E-06 
sec-Butylbenzene 4.08E+00 2.9E-01 1.3E+00 5.9E-01 2.3E+00 -0E+00 4.0 4.7E-06 
Styrene 5.39E+00 3.7E-02 1.5E-01 4.1E-01 9.8E-0 -0E+00 4.0 8.9E-07 
tert-Butylbenzene 2.58E+0 1.4E-01 6.5E-01 5.9E-01 2.3E+00 .0E+00 4.0 1.6E-05 
Tertiary-Amyl Methyl Ether 6.47E+00 7.9E-03 3.1E-02 3.9E-01 9.4E-0 -0E+00 4.0 2.4E-07 
Toluene 7.31E+00 3.1E-02 1.1E-01 3.5E-01 8.4E-0 -0E+00 4.0 9.9E-07 
12,4-Dichlorophenol 3.00E+00 2.1E-02 1.0E-01 8.7E-01 2.1E+00 .0E+00 4.0 3.4E-07 
2,4-Dimethylphenol 4.48E+00 1.1E-02 4.6E-02 5.2E-01 1.2E+00 -0E+00 4.0 2.4E-07 
2-Methylnaphthalene 4.25E-0 7.2E-02 3.3E-01 6.6E-01 1.6E+00 .0E+00 4.0 -5E-07 
3-Methylphenol/4-Methylphenol 2.59E+00 9.0E-03 3.6E-02 4.2E-01 1.0E+00 -0E+00 4.0 -1E-07 
Benzo(a)pyrene 2.00E-0 7.0E-01 4.3E+00 2.7E+00 1.2E+01 -0E+00 4.0 -3E-06 
Benzo(b)fluoranthene 2.00E-0 7.0E-01 4.3E+00 2.8E+00 1.2E+01 -0E+00 4.0 -3E-06 
Benzo(ghi)perylene 1.75E-0 1.2E+00 7.6E+00 3.7E+00 1.7E+01 -0E+00 4.0 2.2E-06 
Dibenzo(a,h)anthracene 1.75E-01 1.5E+00 9.7E+00 3.9E+00 1.8E+01 6.0E-01 4.0 -7E-06 
Fluorene 1.50E-0 7.8E-03 4.1E-02 1.2E+00 2.8E+00 -0E+00 4.0 7.4E-09 
ndeno(1,2,3-cd)Pyrene 2.75E-0 1.0E+00 6.7E+00 3.8E+00 1.7E+01 6.0E-01 4.0 -8E-06 
Phenanthrene 2.00E-0 1.4E-01 7.4E-01 1.1E+00 4.1E+00 .0E+00 4.0 .6E-07 
Phenol 5.26E+00 4.3E-03 1.6E-02 3.6E-01 8.6E-01 -0E+00 4.0 -1E-07 
Formaldehyde 4.39E+00 1.8E-03 3.8E-03 1.6E-01 3.8E-01 -0E+00 4.0 3.4E-08 
Arsenic 5.16E+01 1.0E-03 NA NA NA NA 4.0 2.1E-07 
Barium .58E+01 1.0E-03 NA NA NA NA 4.0 6.3E-08 
ron 4.26E+03 1.0E-03 NA NA NA NA 4.0 -7E-05 
Manganese -15E+03 1.0E-03 NA NA NA NA 4.0 4.6E-06 
Zinc .95E+01 6.0E-04 NA NA NA NA 4.0 4.7E-08 
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Inorganics: DAevent (mg/cm2-event) = 





DAevent = Kp x CW x tevent x 0.001 mg/ug x 0.001 Vor? (Eq 1) 
Organics: DAevent (mg/cm2-event) = 
DAevent = tevent<t*: DAgyent (mg/cm?-event) = 
2 x FA x Kp x Cw x (saqrt((6 X 1 X tevent) / (3.1415))) x CF1 x CF2 (Eq 2) 


toyen?t*: DAvent (mg/cm?-event) = 
FA x Kp x CW X ( teyen/(1#B) + 2 x t x ((1 + 3B + 3B7)/(1+B)’)) xCF1 x CF2 (Eq 3) 


Notes: 
NA - Not applicable 
Permeability constants from EPA 2004, Risk Assessment Guidance for Superfund Volume |: Human Health Evaluation Manual (Part E, Supplemental 
Guidance for Dermal Risk Assessment - Final). EPA/540/R/99/005. The default value of 0.001 was assigned to inorganics not listed in this document. 
B - Dimensionless ratio of the permeability coefficient of a compound through the stratum corneum relative to its permeability 
coefficient across the viable epidermis (dimensionless). 
t* - Time to reach steady-state 


Table A-4-12.Supplement B 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Groundwater Dermal Contact 
Reichhold, Inc., Andover, Massachusetts 


Chemical log Kow* ‘ Kp ° | fog Decllec? | Decllece D.. Rcce t 
(cm/hr) (cm7/hr)| (hr) (hr) 


1,2,4-Trimethylbenzene 1.20E+02 3.63E+00 4.27E+03 -1.08E+00 8.37E-02 | 3.53E-01 -3.47E+00 3.36E-04 1.00E-03 | 3.36E-07 4.95E-01 1.19E+00 
1,3,5-Trimethylbenzene 1.20E+02 3.42E+00 2.63E+03 -1.22E+00 6.08E-02 | 2.56E-01 -3.47E+00 3.36E-04 1.00E-03 | 3.36E-07 4.95E-01 1.19E+00 
2-MethylInaphthalene 1.42E+02 3.86E+00 7.24E+03 -1.05E+00 8.96E-02 | 4.11E-01 -3.60E+00 2.54E-04 1.00E-03 | 2.54E-07 6.56E-01 1.57E+00 

1.08E+02 1.94E+00 8.71E+01 -2.13E+00 7.50E-03 | 3.00E-02 -3.41E+00 3.93E-04 1.00E-03 | 3.93E-07 4.24E-01 1.02E+00 

5.81E+01 -2.40E-01 5.75E-01 -3.28E+00 5.20E-04 1.53E-03 -3.13E+00 7.49E-04 1.00E-03 | 7.49E-07 2.22E-01 5.34E-01 
Benzo(g,h,i)perylene 2.76E+02 6.63E+00 4.27E+06 3.02E-02 1.07E+00 | 6.85E+00 | -4.35E+00 4.51E-05 1.00E-03 | 4.51E-08 3.69E+00 1.65E+01 
Fluorene 1.66E+02 4.18E+00 1.51E+04 -9.72E-01 1.07E-01 5.29E-01 -3.73E+00 1.86E-04 1.00E-03 1.86E-07 8.97E-01 2.15E+00 
lsopropylbenzene (Cumene) 1.20E+02 3.66E+00 4.57E+03 -1.06E+00 8.76E-02 | 3.69E-01 -3.47E+00 3.36E-04 1.00E-03 | 3.36E-07 4.95E-01 1.19E+00 
Methyl tert butyl ether 8.82E+01 9.40E-01 8.71E+00 -2.67E+00 2.12E-03 | 7.66E-03 -3.29E+00 5.09E-04 1.00E-03 | 5.09E-07 3.28E-01 7.87E-01 
n-Butylbenzene 1.34E+02 4.38E+00 2.40E+04 -6.61E-01 2.18E-01 9.73E-01 -3.55E+00 2.81E-04 1.00E-03 | 2.81E-07 5.94E-01 2.29E+00 
n-Propylbenzene 1.20E+02 3.69E+00 4.90E+03 -1.04E+00 9.17E-02 | 3.87E-01 -3.47E+00 3.36E-04 1.00E-03 | 3.36E-07 4.95E-01 1.19E+00 

1.06E+02 3.12E+00 1.32E+03 -1.34E+00 4.62E-02 1.83E-01 -3.39E+00 4.03E-04 1.00E-03 | 4.03E-07 4.13E-01 9.92E-01 

1.34E+02 4.10E+00 1.26E+04 -8.46E-01 1.43E-01 6.36E-01 -3.55E+00 2.81E-04 1.00E-03 | 2.81E-07 5.94E-01 2.35E+00 
sec-Butylbenzene 1.34E+02 4.57E+00 3.72E+04 -5.35E-01 2.91E-01 1.30E+00 | -3.55E+00 2.81E-04 1.00E-03 | 2.81E-07 5.94E-01 2.33E+00 
tert-Butylbenzene 1.34E+02 4.11E+00 1.29E+04 -8.39E-01 1.45E-01 6.46E-01 -3.55E+00 2.81E-04 1.00E-03 | 2.81E-07 5.94E-01 2.34E+00 
Tertiary-Amyl Methyl Ether 1.02E+02 1.92E+00 8.32E+01 -2.11E+00 7.85E-03 | 3.05E-02 -3.37E+00 4.24E-04 1.00E-03 | 4.24E-07 3.93E-01 9.42E-01 





* Values obtained from DermWin, v. 1.43 (EPA, 2000). Available online at http:/(www.epa.gov/opptintr/exposure/pubs/episuite.htm. 
8 Equations from Risk Assessment Guidance for Superfund Volume 1; Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment, EPA/540/R/99/005. July 2004). 


Table A-4-13 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Inhalation of Volatiles from Groundwater: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration Exposure Factor ADE RfC Hazard 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Conversion Factor 2 (CF2) 0.042 (day/hour) ADE =(Conc. in Air * Exposure Factor) 

Exposure Time (ET) 4 (hours/day) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Frequency (EF) 30 (days/year) 

Exposure Duration (ED) 1 (years) 

Averaging Time (AT) 182 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 


Table A-4-14 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Inhalation of Volatiles from Groundwater: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration Exposure Factor ADE Unit Risk Cancer Risk 
ee are ree 


Cancer Risk 





EXPOSURE ASSUMPTIONS 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 4 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 30 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 1 (years) 

Averaging Time (AT) 27,375 (days) 


EQUATION FOR RISK 
Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 


Table A-4-14.Supplement A 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Inhalation of Volatiles from Groundwater 
Reichhold, Inc., Andover, Massachusetts 


Dimensionless Diffusion Diffusion Effective Liquid-phase 
Concentration in Henry's Law coefficient in | coefficient in water] Schmidt diameter of | mass transfer Concentration in 
Concentration | Water (g/m*) Constant (H' ) air (cm’/s) (cm’/s) Number source (m) coef (m/s) Air (mg/m) 
Chemical in Water (mg/L) C. Keg Da Dw Scg k kg (m/s) 1/K K (m/s) E (g/s) c 


de air 
,2,4-Trimethylbenzene 4.71E-01 4.71E-01 2.34E-01 7.50E-02 7.10E-06 2.01E+00 1.13E+01 2.47E-06 2.31E-03 4.07E+05 2.45E-06} 1.16E-04 1.61E-02 
,2-Dichlorobenzene 4.26E-02 4.26E-02 7.79E-02 6.90E-02 7.90E-06 2.19E+00 1.13E+01 2.65E-06 2.19E-03 3.84E+05 2.61E-06} 1.11E-05 1.54E-03 
1.52E-02 1.52E-02 4.01E-02 1.04E-01 9.90E-06 1.45E+00 1.13E+01 3.08E-06 2.88E-03 3.34E+05 3.00E-06} 4.55E-06 6.32E-04 


,2-Dichloroethane 

.3,5-Trimethylbenzene 1.66E-01 
.3-Dichlorobenzene 4,33E-02 
4.28E-02 
1.16E-01 
1.63E-01 
1.55E-01 
1546-02 


,4-Dichlorobenzene 

-Methyl-2-pentanone 

cetone 

enzene 
Chlorobenzene 


2.34E-02 2.34E-02 3.23E-01 7.50E-02 7.80E-06 2.01E+00 1.13E+01 2.63E-06 2.31E-0 3.82E+05 2.62E-06] 6.11E-06 8.49E-04 

7.60E-02 7.60E-02 5.17E-01 7.50E-02 7.80E-06 2.01E+00 1.13E+01 2.63E-06 2.31E-03 3.82E+05 2.62E-06} 1.99E-05 2.77E-03 

2.01E-02 2.01E-02 2.40E-02 1.02E-01 1.05E-05 1.47E+00 1.13E+01 3.20E-06 2.85E-03 3.27E+05 3.06E-06} 6.14E-06 8.53E-04 
.63E- .98E- -90E- .50E- : . : : A0E-06 


thylbenzene 
isopropylbenzene 
Methyl tert butyl ether 
aphthalene 
n-Butylbenzene 
n-Propylbenzene 
lo-Xylene 
/m-Xylene 
-lsopropyltoluene 
sec-Butylbenzene 
ityrene 
tert-Butylbenzene 
ertiary-Amyl Methyl Ether 
oluene 


6.63E-02 2.216-03 

1.64€+00 
2.70E-02 
2.456-02 
6.616-02 
1.79E-02 
2.78E-02 
3.656-01 
1.55€+00 
1.97.02 
1646-02 


Concentration in Air (C,i,) = 1000* E/H * Ving * L Parameters Values 
(mg/m’) Concentration in liquid phase (g/n?) chemical specific 


overall mass transfer coefficient (m/s) calculated 
Emissions from Liquid surface (E) = liquid-phase mass transfer coefficient (m/s) calculated 
(g/s) gas-phase mass transfer coefficient (m/s) calculated 
Equilibrium constant (Henry's Law constant) chemical specific 
Overall Mas Transfer Coefficient (K) = 1K = 11k, + 1/kg * Keg Diffusion coefficient of ether in water (cnf/s) 8.50E-06 
(m/s) Diffusion coefficient in water (cnf/s) chemical specific 
Windspeed (m/s) 1 
Liquid-phase Mass Transfer Coefficient (k,) = 2.78E-06 * (Dy/Dether)”? Area of the source (m’) 100 
(m/s) viscosity of air (g/cm-s) 1.81E-04 
density of air (g/cm*) 1.20E-03 
Gas-phase Mass Transfer Coefficient (kg) = 4.82E-03 * U°”? * Sc,” * G0" Diffusion coefficient in air (cr’/s) chemical specific 
(m/g) Height of breathing zone (m) 2 
Average wind speed in breathing zone (m/s) 2.25 
Effective Diameter of Source (d,) = (4*Al ms Length of breathing zone perpendicular to wind (m) 1.6 
(m) : Chemical and physical properties from EPA Region 9 PRG Table (EPA, 2004). 
lsopropylbenzene used a surrogate for p-lsopropyltoluene 
Schmidt Number Calculation (Scg) = Methyl tert butyl ether was used as a surrogate for Tertiary-amyl methyl ether 





Table A-4-15 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Incidental Concrete Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 


Hazard Index 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Concrete Ingestion Rate (IR) 100 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Time (ET) 8 (hours/day) Hazard Quotient (HQ) = ADD / RfD 

Exposure Frequency (EF) 130 (days/year) Hazard Index (HI) = Sum of HQs 

Exposure Duration (ED) 1 (years) 

Body Weight (BW) 58 (kg) RfD = Reference Dose 


Averaging Time (AT) 182 (days) 


Table A-4-16 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Incidental Concrete Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
wrgracon) | annoy |" tated | enprny | omteds | 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Concrete Ingestion Rate (IR) 100 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 8 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Frequency (EF) 130 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 1 (years) 

Body Weight (BW) 58 (kg) SF = Slope Factor 


Averaging Time (AT) 27,375 (days) 


Table A-4-17 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Concrete Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 


Hazard Index 








EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3473 (cm*) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Concrete Adherence Factor (AF) 0.29 (mg/cm*-day) EQUATION FOR HAZARD QUOTIENT (HQ) 

Relative Absorption Factor (RAF) chemical-specific (unitless) Hazard Quotient (HQ) = ADD / RfD 

Exposure Time (ET) 8 (hours/day) Hazard Index (HI) = Sum of HQs 

Exposure Frequency (EF) 130 (days/year) 

Exposure Duration (ED) 1 (years) RfD = Reference Dose 

Body Weight (BW) 58 (kg) 


Averaging Time (AT) 182 (days) 


Table A-4-18 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Concrete Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
a ee 








EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3473 (cm*) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Concrete Adherence Factor (AF) 0.29 (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 

Exposure Time (ET) 8 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 130 (days/year) 

Exposure Duration (ED) 4 (years) SF = Slope Factor 

Body Weight (BW) 58 (kg) 


Averaging Time (AT) 27,375 (days) 


Table A-4-19 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Ingestion of Inhaled Particulates from Concrete: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Conc. in Air Exposure Factor ADDinhat-ci RfD oral Hazard 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
PM-10 0.06 (mg/m*) Conc. in Air = Conc. in Concrete * 1.5 * PM-10 *CF1 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Relative Absorption Factor (RAF) chemical-specific (unitless) ADDinhat-ci =(Conc. in Air * Exposure Factor) 
Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8 (hours/event) 

Exposure Period (EP) 130 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 

Body Weight (BW) 58 (kg) Hazard Index (HI) = Sum of HQs 

Averaging Time (AT) 182 (days) 


RfD = Reference Dose 


Table A-4-20 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Ingestion of Inhaled Particulates from Concrete: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Conc. in Air Exposure Factor ADDinhat-ci SF oral Cancer Risk 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

PM-10 0.06 (mg/m*) Conc. in Air = Conc. in Concrete * 1.5 * PM-10 *CF1 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Relative Absorption Factor (RAF) chemical-specific (unitless) ADDinhat-ct =(Conc. in Air * Exposure Factor) 

Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8 (hours/event) EQUATION FOR CANCER RISK 

Exposure Period (EP) 130 (days) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Body Weight (BW) 58 (kg) Cancer Risk = Sum of Incremental Cancer Risks 

Averaging Time (AT) 27,375 (days) 


SF = Slope Factor 


Table A-4-21 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Inhalation of Airborne Particulates from Concrete: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Conc. in Air Exposure Factor ADDinhal RFDinhat Hazard 
Parameter (mg/kg (ppm)) (unitless) (mg/m?) (m*/kg-day) (mg/kg/day) (mg/kg/day) Quotient 
[Acetone 2.8E-02 1.0E+00 8.5E-10 3.5E-01 3.0E-10 A 2.3E-01 1.3E-09 
p/m-Xylene 4.0E-03 1.0E+00 1.2E-10 3.5E-01 4.3E-11 

















(Chromium (Total) 
(Chromium (III) 








Zinc 1.1E+02 1.0E+00 





Hazard Index 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
Airborne Particulate Concentration (PA) 0.06 (mg/m*) Conc. in Air = Conc. in Concrete * 0.5 * PM-10 *CF1 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Relative Absorption Factor (RAF) chemical-specific (unitless) ADDinhai =(Conc. in Air * Exposure Factor) 
Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8  (hours/event) TOXICITY VALUE CONVERSION 

Exposure Period (EP) 130 (days) RfDinhai = [ RFC *INH (20 m°/day) ]/ BW (70 kg) 
Body Weight (BW) 58 (kg) 

Averaging Time (AT) 182 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 


Table A-4-22 


Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Inhalation of Airborne Particulates from Concrete: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. 


(mg/kg (ppm)) 


RAF 
(unitless) 


Conc. in Air Exposure Factor ADDinhal Unit Risk CS$Finhat 


(mg/m’) (m*/kg-day) (mg/kg/day) (mgim*y" (mg/kg-d)-1 


Cancer Risk 








2.8E-02 


1.0E+00 


N/A 


N/A 


N/A 





4.0E-03 


1.0E+00 








Chromium (Total) 





Chromium (Ill) 





1.1E+02 


1.0E+00 





EXPOSURE ASSUMPTIONS 
Airborne Particulate Concentration (PA) 
Conversion Factor 1 (CF1) 
Conversion Factor 3 (CF3) 
Relative Absorption Factor (RAF) 
Inhalation Rate (Inh) 

Number of Exposure Event (EF) 
Exposure Duration (ED) 
Exposure Period (EP) 

Body Weight (BW) 

Averaging Time (AT) 


0.06 

1.0E-06 

0.060 
chemical-specific 

60 

1 

8 

130 

58 

27,375 


(mg/m*) 
(kg/mg) 
(min-m*/hr-l) 
(unitless) 
(l/min) 
(event/day) 
(hours/event) 
(days) 
(kg) 
(days) 


EQUATION FOR CONCENTRATION IN AIR 
Conc. in Air = Conc. in Concrete * 0.5 * PM-10 *CF1 


EQUATION FOR AVERAGE DAILY DOSE (ADD) 
ADDinhai =(Conc. in Air * Exposure Factor) 
Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 


TOXICITY VALUE CONVERSION 
CSFinhal = [CSForai * BW (70 kg)] / INH (20 m3/day) 


EQUATION FOR HAZARD QUOTIENT (HQ) 
Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 





Table A-4-23 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Inhalation of Airborne Volatiles from Concrete: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADDinhal RfC Hazard 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
Airborne Particulate Concentration (PA) 0.06 (mg/m) Conc. in Air = Conc. in Concrete / VF 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 — (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Conversion Factor 2 (CF2) 0.042 (day/hour) ADDinhai =(Conc. in Air * Exposure Factor) 
Exposure Time (ET) 8 (hours/day) Exposure Factor = [(ET * EF * CF2) / AT] 
Exposure Frequency (EF) 130 (days/year) 

Exposure Duration (ED) | (years) EQUATION FOR HAZARD QUOTIENT (HQ) 
Averaging Time (AT) 182 (days) Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


Table A-4-24 
Future Land Use Scenario (Former Manufacturing Area) - Construction Worker 
Inhalation of Airborne Volatiles from Concrete: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADDinhal Unit Risk Cancer Risk 


Cancer Risk 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.06 (mgim*) Conc. in Air = Conc. in Concrete / VF 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADDinhai =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 130 (days/year) Exposure Factor = [(ET * EF * ED * CF2)/ AT] 

Exposure Duration (ED) 1 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 


Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 


Table A-5-1 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Adult 
Incidental Soil Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 


Hazard Index 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Time (ET) 3 (hours/day) Hazard Quotient (HQ) = ADD / RfD 

Exposure Frequency (EF) 91 (days/year) Hazard Index (HI) = Sum of HQs 

Exposure Duration (ED) 30 (years) 

Body Weight (BW) 70 (kg) RfD = Reference Dose 


Averaging Time (AT) 10,950 (days) 


Table A-5-2 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Adult 
Incidental Soil Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
pwamiee | sector) | nies) | eggs) | ington | ogi |_| 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW' 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 3 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Frequency (EF) 91 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 30 (years) 

Body Weight (BW) 70 (kg) SF = Slope Factor 


Averaging Time (AT) 27,375 (days) 


Table A-5-3 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Adult 
Soil Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 


Hazard Index 








EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 5,781 (cm) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.07 (mg/cm?-day) EQUATION FOR HAZARD QUOTIENT (HQ) 

Relative Absorption Factor (RAF) chemical-specific (unitless) Hazard Quotient (HQ) = ADD / RfD 

Exposure Time (ET) 3 (hours/day) Hazard Index (HI) = Sum of HQs 

Exposure Frequency (EF) 91 (days/year) 

Exposure Duration (ED) 30 (years) RfD = Reference Dose 

Body Weight (BW) 70 (kg) 


Averaging Time (AT) 10,950 (days) 


Table A-5-4 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Adult 
Soil Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
pranter | msta oom) | utes, | agtedop | inotedon | ngtecps |_| 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 5,781 (cm?) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.07 (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 

Exposure Time (ET) 3 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 91 (days/year) 

Exposure Duration (ED) 30 (years) SF = Slope Factor 

Body Weight (BW) 70 (kg) 


Averaging Time (AT) 27,375 (days) 


Table A-5-5 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Adult 
Inhalation of Airborne Particulates and Volatiles from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 








Average Conc. Conc. in Air Exposure Factor Hazard 
(mg/kg (ppm)) (mg/m?) (unitless) Quotient 

1,2,4-Trimethylbenzene 1.1E+01 1.2E+04 7.0E-03 
1,3,5-Trimethylbenzene 4.7E+00 1.2E+04 N/A 

[Acetone 9.2E-0 1.2E+04 8.0E-01 
Ethylbenzene 9.2E-0 5.1E+03 1.0E+00 
Isopropylbenzene -1E-0 1.0E+03 4.0E-01 
n-Butylbenzene 1.4E+00 7.7E+03 N/A 

n-Propylbenzene 3.7E-0 6.0E+03 1.0E+00 
Naphthalene 1.1E+00 5.2E+04 3.0E-03 
Methyl tert butyl ether .9E-0 3.9E+03 3.0E+00 
Methylene chloride 7.1E-0 2.3E+03 6.0E-01 
o-Xylene 1.4E+00 5.8E+03 1.0E-01 
p-lsopropyltoluene .OE-0 1.0E+03 4.0E-01 
6.7E+00 5.2E+03 1.0E-01 
lenes 2.2E-0 5.2E+03 1.0E-01 
.9E-0 N/A 7.0E-02 
2.8E-0 N/A N/A 

5.6E-0 N/A 2.6E-01 
2.6E-0 N/A 7.0E-03 
2.6E+01 N/A 5.0E-04 
1.1E+00 N/A 2.0E-05 
2.2E+01 N/A N/A 

1.0E+04 N/A N/A 

2.9E-01 N/A 1.4E-04 
1.3E+02 N/A 1.4E-03 


oe 








































































































EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m?) Conc. in Air = Conc. in Soil * [PA * CF1+1/(VF)] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 3 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 91 (days/year) Exposure Factor = [(ET * EF * ED * CF2)/ AT] 

Exposure Duration (ED) 30 (years) 

Averaging Time (AT) 10,950 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 





Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


Table A-5-6 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Adult 
Inhalation of Airborne Particulates and Volatiles from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADE Unit Risk Cancer Risk 
bis(2-Ethylhexyl)phthalate 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mgim*) Conc. in Air = Conc. in Soil * [PA * CF1+1/(VF)] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 3 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 91 (days/year) Exposure Factor = [(ET * EF * ED * CF2)/ AT] 

Exposure Duration (ED) 30 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 


Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 





EXPOSURE ASSUMPTIONS 
Concrete Ingestion Rate (IR) 
Conversion Factor 1 (CF1) 
Conversion Factor 2 (CF2) 
Relative Absorption Factor (RAF) 
Exposure Time (ET) 

Exposure Frequency (EF) 
Exposure Duration (ED) 

Body Weight (BW) 

Averaging Time (AT) 


A-5-7_FMA_Fut_RecAdult_Concrete.xlsx 
tab5-7 


50 

1.0E-06 

0.042 
chemical-specific 
3 

91 

30 

70 

10,950 


(mg/day) 
(kg/mg) 
(day/hour) 
(unitless) 
(hours/day) 
(days/year) 
(years) 
(kg) 
(days) 


Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Adult 
Incidental Concrete Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 


EQUATION FOR AVERAGE DAILY DOSE (ADD) 
ADD = (Conc. * Exposure Factor) 


Exposure Factor = [(IR * CF1 * CF2* RAF * ET * EF * ED)/ (BW * AT)] 


EQUATION FOR HAZARD QUOTIENT (HQ) 
Hazard Quotient (HQ) = ADD / RfD 
Hazard Index (HI) = Sum of HQs 


RfD = Reference Dose 


11/18/2012 
4:37 PM 


Table A-5-8 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Adult 
Incidental Concrete Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Concrete Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 3 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Frequency (EF) 91 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 30 (years) 

Body Weight (BW) 70 (kg) SF = Slope Factor 

Averaging Time (AT) 27,375 (days) 


A-5-7_FMA_Fut_RecAdult_Concrete.xlsx 
tab5-8 


11/18/2012 
4:37 PM 


Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Adult 





EXPOSURE ASSUMPTIONS 

Skin Surface Area (SA) 5,781 (cm?) 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 
Conversion Factor 2 (CF2) 0.042 (day/hour) 
Concrete Adherence Factor (AF) 0.07 (mg/cm*-day) 
Relative Absorption Factor (RAF) chemical-specific (unitless) 
Exposure Time (ET) 3 (hours/day) 
Exposure Frequency (EF) 91 (days/year) 
Exposure Duration (ED) 30 (years) 
Body Weight (BW) 70 (kg) 
Averaging Time (AT) 10,950 (days) 


A-5-7_FMA_Fut_RecAdult_Concrete.xlsx 
tab5-9 


Concrete Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 


EQUATION FOR AVERAGE DAILY DOSE (ADD) 
ADD = (Conc. * Exposure Factor) 


Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW* AT)] 


EQUATION FOR HAZARD QUOTIENT (HQ) 
Hazard Quotient (HQ) = ADD / RfD 
Hazard Index (HI) = Sum of HQs 


RfD = Reference Dose 


11/18/2012 
4:37 PM 


Table A-5-10 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Adult 
Concrete Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 5,781 (cm) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Concrete Adherence Factor (AF) 0.07 (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Time (ET) 3 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 91 (days/year) 

Exposure Duration (ED) 30 (years) SF = Slope Factor 

Body Weight (BW) 70 (kg) 

Averaging Time (AT) 27,375 (days) 


A-5-7_FMA_Fut_RecAdult_Concrete.xlsx 
tab5-10 
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Table A-5-11 


Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Adult 


Inhalation of Airborne Particulates and Volatiles from Concrete: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 








Average Conc. 


(mg/kg (ppm)) 
2.8E-02 


Conc. in Air 
(mg/m?) 


1.2E+04 


Exposure Factor Hazard 
(unitless) Quotient 


isd 





4.0E-03 


5.2E+03 





3.3E+00 


N/A 





3.9E+01 


N/A 





5.8E+01 


N/A 





1.2E+00 


N/A 





‘Chromium (Total) 


3.5E+01 


N/A 





‘Chromium (III) 


4.3E+01 


N/A 





2.9E+01 


N/A 





1.8E+04 


N/A 





1.1E+02 





N/A 














EXPOSURE ASSUMPTIONS 





Airborne Particulate Concentration (PA) 
Conversion Factor 1 (CF1) 

Conversion Factor 2 (CF2) 

Exposure Time (ET) 

Exposure Frequency (EF) 

Exposure Duration (ED) 

Averaging Time (AT) 


0.032 
1.0E-06 
0.042 
3 

91 

30 
10,950 


(mgim’) 
(kg/mg) 
(day/hour) 
(hours/day) 
(days/year) 
(years) 
(days) 





A-5-7_FMA_Fut_RecAdult_Concrete.xisx 
tab5-11 





EQUATION FOR CONCENTRATION IN AIR 
Conc. in Air = Conc. in Concrete * [PA *CF1+1/(VF)] 


EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
ADE =(Conc. in Air * Exposure Factor) 
Exposure Factor = [(ET * EF * ED * CF2)/ AT] 


EQUATION FOR HAZARD QUOTIENT (HQ) 
Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


11/18/2012 
4:37 PM 


Table A-5-12 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Adult 
Inhalation of Airborne Particulates and Volatiles from Concrete: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADE Unit Risk Cancer Risk 


Cancer Risk 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m?) Conc. in Air = Conc. in Concrete * [PA * CF1 + 1/(VF)] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 3 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 91 (days/year) Exposure Factor = [(ET * EF * ED * CF2)/ AT] 

Exposure Duration (ED) 30 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 


Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 


A-5-7_FMA_Fut_RecAdult_Concrete.xlsx 11/18/2012 
tab5-12 4:37 PM 


Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Youth 
Incidental Soil Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 
Methyl tertbutylether | 1.9601 | 1.0E+00 | 3.E-08 | E09 | 1.0E-01 | BEB 


Hazard Index 


EXPOSURE ASSUMPTIONS 
Soil Ingestion Rate (IR) 
Conversion Factor 1 (CF1) 
Conversion Factor 2 (CF2) 
Relative Absorption Factor (RAF) 
Exposure Time (ET) 

Exposure Frequency (EF) 
Exposure Duration (ED) 

Body Weight (BW) 

Averaging Time (AT) 


A-6-1_FMA_Fut_RecYouth_Soil.xls 
tab6-1 


50 

1.0E-06 

0.042 
chemical-specific 
3 

91 

11 

43 

4,015 





(mg/day) 
(kg/mg) 
(day/hour) 
(unitless) 
(hours/day) 
(days/year) 
(years) 
(kg) 
(days) 


EQUATION FOR AVERAGE DAILY DOSE (ADD) 
ADD = (Conc. * Exposure Factor) 
Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 


EQUATION FOR HAZARD QUOTIENT (HQ) 
Hazard Quotient (HQ) = ADD / RfD 
Hazard Index (HI) = Sum of HQs 


RfD = Reference Dose 


11/18/2012 
4:39 PM 


Table A-6-2 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Youth 
Incidental Soil Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
wrgngicon) | cniteesy | “tongaoy | eronaon | ngteaet |_| 


EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 3 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Frequency (EF) 91 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 11 (years) 

Body Weight (BW) 43 (kg) SF = Slope Factor 

Averaging Time (AT) 27,375 (days) 


A-6-1_FMA_Fut_RecYouth_Soil.xls 
tab6-2 





AT)] 


11/18/2012 
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Methylene chloride 7.1E-0 


Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Youth 
Soil Dermal Contact: Hazard Index 


Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 


1.4E+00 2E-01 1.4E-07 .9E-07 2.0E-01 9.5E-07 


p-lsopropyltoluene 1.0E-0 
Total Xylenes 2.2E-0 


bis(2-Ethylhexyl)phthalate 2.6E-0 


EXPOSURE ASSUMPTIONS 
Skin Surface Area (SA) 
Conversion Factor 1 (CF1) 
Conversion Factor 2 (CF2) 
Soil Adherence Factor (AF) 
Relative Absorption Factor (RAF) 
Exposure Time (ET) 
Exposure Frequency (EF) 
Exposure Duration (ED) 
Body Weight (BW) 
Averaging Time (AT) 


A-6-1_FMA_Fut_RecYouth_Soil.xls 
tab6-3 





4,600 

1.0E-06 

0.042 

0.35 
chemical-specific 
3 

91 

11 

43 

4,015 











(cm’) 
(kg/mg) 
(day/hour) 
(mg/cm?-day) 
(unitless) 
(hours/day) 
(days/year) 
(years) 
(kg) 
(days) 





EQUATION FOR AVERAGE DAILY DOSE (ADD) 
ADD = (Conc. * Exposure Factor) 
Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 


EQUATION FOR HAZARD QUOTIENT (HQ) 
Hazard Quotient (HQ) = ADD / RfD 
Hazard Index (HI) = Sum of HQs 


RfD = Reference Dose 


11/18/2012 
4:39 PM 


Table A-6-4 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Youth 
Soil Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
1,24-Trimethylbenzene 
:3,5-Trimethylbenzene 
cetone N/A 
thylbenzene 9.2E-01 N/A N/A 
benzene N/A 
enzene N/A 


benzene 3.7E-01 N/A N/A N/A N/A N/A 


n N/A N/A 
rt butyl ether 1.9E-01 N/A N/A N/A N/A N/A 
2.0E-03 2.4E-14 
o-Xylene N/A N/A 


pyltoluene -OE-01 N/A N/A N/A N/A N/A 


xyle N/A N/A 
Total Xylenes 2.2E-01 N/A N/A N/A N/A N/A 
.4-Dimethylphenol N/A N/A 
-Methylphenol/4-Methylphenol N/A N/A 


henol 5.6E-01 N/A N/A N/A N/A N/A 


is(2-Ethylhexy!)phthalate 14-02 136-11 
arium 2.6E+01 N/A N/A N/A N/A N/A 
admium N/A N/A 
opper N/A N/A 


N/A N/A N/A 
ilver N/A N/A 
inc N/A N/A 
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EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 4,600 (cm’) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.35 (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 

Exposure Time (ET) 3 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 91 (days/year) 

Exposure Duration (ED) 11 (years) SF = Slope Factor 

Body Weight (BW) 43 (kg) 

Averaging Time (AT) 27,375 (days) 

A-6-1_FMA_Fut_RecYouth_Soil.xls 11/18/2012 
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Table A-6-5 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Youth 
Inhalation of Airborne Particulates and Volatiles from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADE RfC Hazard 
Methylene chloride | tO | 23EH03 | 4304 |. te-02 | 1.3E-05 | 6. 0E-O1 | 226-05 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mgim*) Conc. in Air = Conc. in Soil * [PA * CF1+1/(VF)] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 3 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 91 (days/year) Exposure Factor = [(ET * EF * ED * CF2)/ AT] 

Exposure Duration (ED) 11 (years) 

Averaging Time (AT) 4,015 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


A-6-1_FMA_Fut_RecYouth_Soil.xls 11/18/2012 
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Table A-6-6 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Youth 
Inhalation of Airborne Particulates and Volatiles from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADE Unit Risk Cancer Risk 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m*) Conc. in Air = Conc. in Soil * [ PA * CF1 + 1/ (VF) ] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 3 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 91 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 11 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 


Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 


A-6-1_FMA_Fut_RecYouth_Soil.xis 11/18/2012 
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Parameter 


Acetone | _28€02_ | 10E+00 | s6e0s | 1.0609 | 9.0E-01 | 11e-09 | 


EXPOSURE ASSUMPTIONS 


Concrete Ingestion Rate (IR) 
Conversion Factor 1 (CF1) 
Conversion Factor 2 (CF2) 
Relative Absorption Factor (RAF) 
Exposure Time (ET) 

Exposure Frequency (EF) 
Exposure Duration (ED) 

Body Weight (BW) 


Averaging Time (AT) 


A-6-7_FMA_Fut_RecYouth_Concrete.xlsx 
tab6-7 


Average Conc. 
(mg/kg (ppm)) 


50 

1.0E-06 

0.042 
chemical-specific 
3 

91 

11 

43 

4,015 


(mg/day) 
(kg/mg) 
(day/hour) 
(unitless) 
(hours/day) 
(days/year) 
(years) 
(kg) 
(days) 


Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Youth 
Incidental Concrete Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


RAF Exposure Factor ADD RfD oral Hazard 
(unitless) (kg/kg-day) (mg/kg-day) (mg/kg-day) Quotient 





EQUATION FOR AVERAGE DAILY DOSE (ADD) 
ADD = (Conc. * Exposure Factor) 


Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT) 


EQUATION FOR HAZARD QUOTIENT (HQ) 
Hazard Quotient (HQ) = ADD / RfD 
Hazard Index (HI) = Sum of HQs 


RfD = Reference Dose 


11/18/2012 
4:42 PM 


Table A-6-8 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Youth 
Incidental Concrete Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
pammie | imstgtgon) | unica) | pated | mgtecy | omgigas |_| 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Concrete Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 3 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Frequency (EF) 91 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 11 (years) 

Body Weight (BW) 43 (kg) SF = Slope Factor 

Averaging Time (AT) 27,375 (days) 


A-6-7_FMA_Fut_RecYouth_Concrete.xlsx 
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AT)] 


11/18/2012 
4:42 PM 


Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Youth 





EXPOSURE ASSUMPTIONS 


oH 


Skin Surface Area (SA) 4,600 (cm*) 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 
Conversion Factor 2 (CF2) 0.042 (day/hour) 
Concrete Adherence Factor (AF) 0.35 (mg/cm?-day) 
Relative Absorption Factor (RAF) chemical-specific (unitless) 
Exposure Time (ET) 3 (hours/day) 
Exposure Frequency (EF) 91 (days/year) 
Exposure Duration (ED) 11 (years) 
Body Weight (BW) 43 (kg) 
Averaging Time (AT) 4,015 (days) 


A-6-7_FMA_Fut_RecYouth_Concrete.xlsx 
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Concrete Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 


EQUATION FOR AVERAGE DAILY DOSE (ADD) 
ADD = (Conc. * Exposure Factor) 


Exposure Factor = [(SA * CF1 * CF2* AF * RAF * ET * EF * ED) / (BW* AT)] 


EQUATION FOR HAZARD QUOTIENT (HQ) 
Hazard Quotient (HQ) = ADD / RfD 
Hazard Index (HI) = Sum of HQs 


RfD = Reference Dose 


11/18/2012 
4:42 PM 


Table A-6-10 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Youth 
Concrete Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
ingrsivom) | untesy | tgioay | otody | waroaays |_| 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 4,600 (cm’) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Concrete Adherence Factor (AF) 0.35 (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Time (ET) 3 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 91 (days/year) 

Exposure Duration (ED) 11 (years) SF = Slope Factor 

Body Weight (BW) 43 (kg) 

Averaging Time (AT) 27,375 (days) 


A-6-7_FMA_Fut_RecYouth_Concrete.xlsx 
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Table A-6-11 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Youth 
Inhalation of Airborne Particulates and Volatiles from Concrete: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADE RfC Hazard 


Hazard Index 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m~) Conc. in Air = Conc. in Concrete * [PA * CF1+1/(VF)] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 3 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 91 (days/year) Exposure Factor = [(ET * EF * ED * CF2)/ AT] 

Exposure Duration (ED) 11 (years) 

Averaging Time (AT) 4,015 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


A-6-7_FMA_Fut_RecYouth_Concrete.xlsx 11/18/2012 
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Table A-6-12 
Future Land Use Scenario (Former Manufacturing Area) - Onsite Recreational Youth 
Inhalation of Airborne Particulates and Volatiles from Concrete: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADE Unit Risk Cancer Risk 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m”) Conc. in Air = Conc. in Concrete * [PA * CF1 + 1/ (VF) ] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 3 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 91 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 11 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 


Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 


A-6-7_FMA_Fut_RecYouth_Concrete.xlsx 11/18/2012 
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APPENDIX B 


HHRAA INTAKE/RISK CALCULATIONS (SHAWSHEEN RIVER) 





Table B-1-1 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Adult 
Sediment Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor ADD RfD oral Hazard 








EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Skin Surface Area (SA) 7,006 (cm*) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Adherence Factor (AF) 1 (mg/cm?-day) EQUATION FOR HAZARD QUOTIENT (HQ) 
Relative Absorption Factor (RAF) chemical-specific (unitless) Hazard Quotient (HQ) = ADD / RfD 

Exposure Time (ET) 1 (hours/day) Hazard Index (HI) = Sum of HQs 

Exposure Frequency (EF) 66 (days/year) 

Exposure Duration (ED) 30 (years) RfD = Reference Dose 

Body Weight (BW) 70 (kg) 

Averaging Time (AT) 10,950 (days) 
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Table B-1-2 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Adult 
Sediment Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor ADD SF oral Cancer Risk 
irgrgtonm) | untersy | agteday | ongoay | crprgaans |_| 








EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 7,006 (cm*) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Adherence Factor (AF) 1 (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Time (ET) 1 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 66 (days/year) 

Exposure Duration (ED) 30 (years) SF = Slope Factor 

Body Weight (BW) 70 (kg) 

Averaging Time (AT) 27,375 (days) 
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Table B-1-3 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Adult 
Incidental Surface Water Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor ADD RfD oral Hazard 
Parameter (mg/L (ppm)) (unitless) (L/kg-day) (mg/kg-day) (mg/kg-day) Quotient 


p/m-Xylene 8.0E-04 1.0E+00 5.4E-06 4.3E-09 2.0E-01 2.2E-08 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Volume of Surface Water Ingested (VI 50 (ml/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 0.042 (day/hour) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.001 (L/mL) 

Relative Absorption Factor (RAF) chemical-specific (unitless) 

Exposure Time (ET) 1 (hours/day) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Frequency (EF) 66 (days/year) Hazard Quotient (HQ) = ADD / RfD 

Exposure Duration (ED) 30 (years) Hazard Index (HI) = Sum of HQs 

Body Weight (BW) 70 (kg) 

Averaging Time (AT) 10,950 (days) RfD = Reference Dose 
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Table B-1-4 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Adult 
Incidental Surface Water Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor ADD SF oral Cancer Risk 
Parameter (mg/L (ppm)) (unitless) (L/kg-day) (mg/kg-day) (mg/kg-d)-1 
pim-Xylene 8.0E-04 


Cancer Risk 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Volume of Surface Water Ingested (VI 50 (ml/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 0.042 (day/hour) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED)/ (BW * AT)] 
Conversion Factor 2 (CF2) 0.001 (L/mL) 

Relative Absorption Factor (RAF) chemical-specific (unitless) 

Exposure Time (ET) 1 (hours/day) EQUATION FOR CANCER RISK 

Exposure Frequency (EF) 66 (days/year) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Duration (ED) 30 (years) Cancer Risk = Sum of Incremental Cancer Risks 

Body Weight (BW) 70 (kg) 

Averaging Time (AT) 27,375 (days) SF = Slope Factor 
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Table B-1-5 


Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Adult 
Surface Water Dermal Contact: Hazard Index 


Average Concentration 
(mg/L (ppm)) 


Parameter 


p/m-Xylene 8.0E-04 1.2E-01 2.2E+00 1.7E-07 2.0E-01 8.3E-07 


Reichhold, Inc., Andover, Massachusetts 


RAF 
(unitless) 


Exposure Factor 
(cm*-event/kg-day) 


DAD RfD oral Hazard 
(mg/kg-day) (mg/kg-day) Quotient 








EXPOSURE ASSUMPTIONS 

Skin Surface Area (SA) 7,006 (cm*) 
Relative Absorption Factor (RAF) chemical-specific (unitless) 
Event Frequency (EV) 1 (event/day) 
Exposure Frequency (EF) 66 (days/year) 
Exposure Duration (ED) 30 (years) 
Body Weight (BW) 70 (kg) 
Averaging Time (AT) 10,950 (days) 
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EQUATION FOR DERMAL ABSORPTION DOSE (DAD) 
DAD = (DAgvent * Exposure Factor) 
Exposure Factor = [(SA * RAF * EV * EF * ED) / (BW * AT)] 


EQUATION FOR HAZARD QUOTIENT (HQ) 
Hazard Quotient (HQ) = DAD / RfD 
Hazard Index (HI) = Sum of HQs 


RfD = Reference Dose 


Table B-1-6 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Adult 
Surface Water Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor DAD SF oral Cancer Risk 
Parameter (mg/L (ppm)) (unitless) (cm*-event/kg-day) (mg/kg-day) (mg/kg-day)-1 


pimn-Xylene 8.0E-04 








EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 7,006 (cm*) DAD = (DAgvent * Exposure Factor) 

Relative Absorption Factor (RAF) chemical-specific (unitless) Exposure Factor = [(SA * RAF * EV * EF * ED) / (BW * AT)] 
Event Frequency (EV) 1 (event/day) 

Exposure Frequency (EF) 66 (days/year) EQUATION FOR CANCER RISK 

Exposure Duration (ED) 30 (years) Incremental Cancer Risk = DAD * Cancer Slope Factor (oral) 
Body Weight (BW) 70 (kg) Cancer Risk = Sum of Incremental Cancer Risks 

Averaging Time (AT) 27,375 (days) 


SF = Slope Factor 
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Tables B-1-6.Supplement A 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Adult 
Calculation of DAevent 
Reichhold, Inc., Andover, Massachusetts 


Chemical Surface Water | Permeability 
of Potential Concentration Coefficient 
Concern (CW) (Kp) B 


Lag Fraction 
Time Absorbed Water 
(event) (FA) 


(ug/L) (cm/hr) (dimensionless) (hr) (dimensionless) 


Duration 
of Event 


(tevent) DAevent 
(hr) (mg/cm?-event) 








8.00E-01 5.2E-02 2.1E-01 4.1E-01 1.0E+00 














Inorganics: DAevent (mg/cm2-event) = 


DAevent = Kp x CW x tevent x 0.001 mg/ug x 0.001 Von? 


Organics: DAevent (mg/cm2-event) = 


DA event = togaast®: (DA sent (mg/cm?-event) = 
2 x FA x Kp x Cw x (saqrt((6 X 1 X tevent) / (3.1415))) x CF1 x CF2 


tevent>t*: DAgvent (mg/cm*-event) = 
FA x Kp x CW X ( teyen/(14+B) + 2.x t x ((1 + 3B + 3B’)/(1+B)*)) xCF1 x CF2 
Note: 


Permeability constants from EPA 2004, Risk Assessment Guidance for Superfund Volume |: Human Health Evaluation Manual (Part E, Supplemental 
Guidance for Dermal Risk Assessment - Final). EPA/540/R/99/005. 


1.0 7.6E-08 





(Eq 1) 


(Eq 2) 


(Eq 3) 





Table B-1-7 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Adult Angler 
Ingestion of Fish: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor ADD RfD oral Hazard 
Parameter (mg/kg (ppm)) (unitless) (kg/kg-day) (mg/kg-day) (mg/kg-day) Quotient 
1,2,4-Trimethylbenzene 1.1E+00 9.9E-01 8.2E-05 9.1E-05 


Ethylbenzene 2.2E+01 1.0E+00 8.3E-05 1.8E-03 1.0E-01 1.8E-02 
Isopropylbenzene 1.0E+00 9.9E-01 8.2E-05 8.3E-05 1.0E-01 8.3E-04 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Daily intake of Fish (Fl) 32 (g/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-03 (kg/g) Exposure Factor = [(Fl * CF1 * EF * RAF * ED) / (BW * AT)] 
Exposure Frequency 66 (day/year) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Duration (ED) 30 (years) Hazard Quotient (HQ) = ADD / RfD 

Body Weight (BW) 70 (kg) Hazard Index (HI) = Sum of HQs 

Averaging Time (AT) 10,950 (days) 


RfD = Reference Dose 
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Table B-1-8 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Adult Angler 
Ingestion of Fish: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor ADD SF oral Cancer Risk 
NA 
NIA 
N/A 
NIA 


WA 
WA 
WA 
WA 
WA 
WA 
WA 


Cancer Risk N/A 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Daily intake of Fish (Fl) 32 (g/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-03 (kg/g) Exposure Factor = [(Fl * CF1 * EF * RAF * ED) / (BW * AT)] 
Exposure Frequency 66 (day/year) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Duration (ED) 30 (years) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Body Weight (BW) 70 (kg) Cancer Risk = Sum of Incremental Cancer Risks 

Averaging Time (AT) 27,375 (days) 


SF = Slope Factor 
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Table B-2-1 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Youth 
Sediment Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor ADD RfD oral Hazard 











EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Skin Surface Area (SA) 5,467 (cm*) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Adherence Factor (AF) 1 (mg/cm?-day) EQUATION FOR HAZARD QUOTIENT (HQ) 
Relative Absorption Factor (RAF) chemical-specific (unitless) Hazard Quotient (HQ) = ADD / RfD 

Exposure Time (ET) 1 (hours/day) Hazard Index (HI) = Sum of HQs 

Exposure Frequency (EF) 66 (days/year) 

Exposure Duration (ED) 11 (years) RfD = Reference Dose 

Body Weight (BW) 43 (kg) 

Averaging Time (AT) 4,015 (days) 
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Table B-2-2 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Youth 
Sediment Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor ADD SF oral Cancer Risk 
pamee | tngigiovmy | unter | tigigaay | oonody | oatovans |_| 











EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 5,467 cm ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Adherence Factor (AF) 1 (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Time (ET) 1 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 66 (days/year) 

Exposure Duration (ED) 11 (years) SF = Slope Factor 

Body Weight (BW) 43 (kg) 

Averaging Time (AT) 27,375 (days) 
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Table B-2-3 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Youth 
Incidental Surface Water Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor ADD RfD oral Hazard 
Parameter (mg/L (ppm)) (unitless) (L/kg-day) (mg/kg-day) (mg/kg-day) Quotient 


p/m-Xylene 8.0E-04 1.0E+00 8.8E-06 7.0E-09 2.0E-01 3.5E-08 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Volume of Surface Water Ingested (VI 50 (ml/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 0.042 (day/hour) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.001 (L/mL) 

Relative Absorption Factor (RAF) chemical-specific (unitless) 

Exposure Time (ET) 1 (hours/day) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Frequency (EF) 66 (days/year) Hazard Quotient (HQ) = ADD / RfD 

Exposure Duration (ED) 11 (years) Hazard Index (HI) = Sum of HQs 

Body Weight (BW) 43 (kg) 

Averaging Time (AT) 4,015 (days) RfD = Reference Dose 
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Table B-2-4 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Youth 
Incidental Surface Water Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor ADD SF oral Cancer Risk 
Parameter (mg/L (ppm)) (unitless) (L/kg-day) (mg/kg-day) (mg/kg-d)-1 


pim-Xylene 8.0E-04 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Volume of Surface Water Ingested (VI 50 (ml/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 0.042 (day/hour) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.001 (L/mL) 

Relative Absorption Factor (RAF) chemical-specific (unitless) 

Exposure Time (ET) 1 (hours/day) EQUATION FOR CANCER RISK 

Exposure Frequency (EF) 66 (days/year) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Duration (ED) 11 (years) Cancer Risk = Sum of Incremental Cancer Risks 

Body Weight (BW) 43 (kg) 

Averaging Time (AT) 27,375 (days) SF = Slope Factor 
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Table B-2-5 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Youth 
Surface Water Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor DAD RfD oral Hazard 
Parameter (mg/L (ppm)) (unitless) (cm*-event/kg-day) (mg/kg-day) (mg/kg-day) Quotient 


p/m-Xylene 8.0E-04 1.2E-01 2.8E+00 2.1E-07 2.0E-01 1.0E-06 








EXPOSURE ASSUMPTIONS EQUATION FOR DERMAL ABSORPTION DOSE (DAD) 
Skin Surface Area (SA) 5,467 (cm*) DAD = (DAgvent * Exposure Factor) 

Relative Absorption Factor (RAF) chemical-specific (unitless) Exposure Factor = [(SA * RAF * EV * EF * ED) / (BW * AT)] 
Event Frequency (EV) 1 (event/day) 

Exposure Frequency (EF) 66 (days/year) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Duration (ED) 11 (years) Hazard Quotient (HQ) = DAD / RfD 

Body Weight (BW) 43 (kg) Hazard Index (HI) = Sum of HQs 

Averaging Time (AT) 4,015 (days) 


RfD = Reference Dose 
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Table B-2-6 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Youth 
Surface Water Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor DAD SF oral Cancer Risk 
Parameter (mg/L (ppm)) (unitless) (cm*-event/kg-day) (mg/kg-day) (mg/kg-day)-1 


pimn-Xylene 8.0E-04 








EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 5,467 (cm*) DAD = (DAgvent * Exposure Factor) 

Relative Absorption Factor (RAF) chemical-specific (unitless) Exposure Factor = [(SA * RAF * EV * EF * ED) / (BW * AT)] 
Event Frequency (EV) 1 (event/day) 

Exposure Frequency (EF) 66 (days/year) EQUATION FOR CANCER RISK 

Exposure Duration (ED) 11 (years) Incremental Cancer Risk = DAD * Cancer Slope Factor (oral) 
Body Weight (BW) 43 (kg) Cancer Risk = Sum of Incremental Cancer Risks 

Averaging Time (AT) 27,375 (days) 


SF = Slope Factor 
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Tables B-2-6.Supplement A 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Youth 
Calculation of DAevent 
Reichhold, Inc., Andover, Massachusetts 


Chemical Surface Water | Permeability 
of Potential Concentration Coefficient 
Concern (CW) (Kp) B 


Lag Fraction 
Time Absorbed Water 
(event) (FA) 


(ug/L) (cm/hr) (dimensionless) (hr) (dimensionless) 


Duration 
of Event 


(tevent) DAevent 
(hr) (mg/cm?-event) 








8.00E-01 5.2E-02 2.1E-01 4.1E-01 1.0E+00 














Inorganics: DAevent (mg/cm2-event) = 


DAevent = Kp x CW x tevent x 0.001 mg/ug x 0.001 Von? 


Organics: DAevent (mg/cm2-event) = 


DA event = togaast®: (DA sent (mg/cm?-event) = 
2 x FA x Kp x Cw x (saqrt((6 X 1 X tevent) / (3.1415))) x CF1 x CF2 


tevent>t*: DAgvent (mg/cm*-event) = 
FA x Kp x CW X ( teyen/(14+B) + 2.x t x ((1 + 3B + 3B’)/(1+B)*)) xCF1 x CF2 
Note: 


Permeability constants from EPA 2004, Risk Assessment Guidance for Superfund Volume |: Human Health Evaluation Manual (Part E, Supplemental 
Guidance for Dermal Risk Assessment - Final). EPA/540/R/99/005. 


1.0 7.6E-08 





(Eq 1) 


(Eq 2) 


(Eq 3) 





Table B-2-7 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Youth Angler 
Ingestion of Fish: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor ADD RfD oral Hazard 
Parameter (mg/kg (ppm)) (unitless) (kg/kg-day) (mg/kg-day) (mg/kg-day) Quotient 
1,2,4-Trimethylbenzene 1.1E+00 9.9E-01 1.3E-04 1.5E-04 


Ethylbenzene 2.2E+01 1.0E+00 1.3E-04 2.9E-03 1.0E-01 2.9E-02 
Isopropylbenzene 1.0E+00 9.9E-01 1.3E-04 1.3E-04 1.0E-01 1.3E-03 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Daily intake of Fish (Fl) 32 (g/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-03 (kg/g) Exposure Factor = [(Fl * CF1 * EF * RAF * ED) / (BW * AT)] 
Exposure Frequency 66 (day/year) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Duration (ED) 11 (years) Hazard Quotient (HQ) = ADD / RfD 

Body Weight (BW) 43 (kg) Hazard Index (HI) = Sum of HQs 

Averaging Time (AT) 4,015 (days) 


RfD = Reference Dose 
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Table B-2-8 
Current/Future Land Use Scenario (Former Manufacturing Area) - River Recreational Youth Angler 
Ingestion of Fish: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Concentration RAF Exposure Factor ADD SF oral Cancer Risk 
NA 
NIA 
N/A 
NIA 


WA 
WA 
WA 
WA 
WA 
WA 
WA 


Cancer Risk N/A 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Daily intake of Fish (Fl) 32 (g/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-03 (kg/g) Exposure Factor = [(Fl * CF1 * EF * RAF * ED) / (BW * AT)] 
Exposure Frequency 66 (day/year) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Duration (ED) 11 (years) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Body Weight (BW) 43 (kg) Cancer Risk = Sum of Incremental Cancer Risks 

Averaging Time (AT) 27,375 (days) 


SF = Slope Factor 


Page 2 of 2 


APPENDIX C 


HHRAA EXPOSURE ESTIMATES SUPPLEMENT TABLES 





C-1_FMA_BW_SuppTable.C1.xls 
BodyWeight 


Table C-1 
Calculation of Receptor Body Weight 
Reichhold, Inc., Andover, Massachusetts 


50th Percentile 
Age-specific Body Weight (kg) 


Recreational Youth (7 to 18 years of age) ‘ 





Note: 


Values were obtained from Table B-1 of Appendix B (MADEP, 1995). 
' Average of male and female 


11/18/2012 
4:56 PM 


7<8 
8<9 

9<10 

10<11 
11<12 
12<13 
13<14 
14<15 
15<16 
16<17 
17<18 





Average (ages 7 to 18) 1356.5 692.5 876.6 1673.6 1376.5 712.4 904.2 1675.4 
Average Total (ages 7 to 18) 4599.2 Ree el 


Recreational Youth (7 to 18 years of age) 


Note: 


Values were obtained from Table B-2 of Appendix B (MADEP, 1995). 


C-2_FMA_SurfaceArea_SuppTable.C2.xls 


SkinSurface 


431.0 
470.0 
561.8 
620.1 
689.0 
756.0 
754.8 
790.5 
800.7 
912.0 
831.3 


Table C-2 
Calculation of Receptor Exposed Skin Surface Area 
Reichhold, Inc., Andover, Massachusetts 


600.6 
655.0 
651.9 
719.6 
799.5 
959.0 
895.4 
937.8 
949.9 
1048.0 
1426.3 


994.0 
1084.0 
1228.4 
1354.6 
1412.0 
1634.8 
1881.6 
2060.8 
2176.0 
2365.4 
2217.6 


Median (50th Percentile) Age-Specific Surface Area (cm) 


439.9 
470.0 
567.1 
625.4 
651.9 
723.6 
749.7 
821.1 
867.0 
1003.2 
918.0 


613.1 
655.0 
658.1 
725.7 
756.5 
917.9 
889.4 
974.1 
1028.5 
1152.8 
1575.0 


4633.9 


1014.6 
1084.0 
1228.4 
1354.6 
1412.0 
1634.8 
1881.6 
2060.8 
2176.0 
2365.4 
2217.6 


4668.5) 


(cm?) 





11/18/2012 
4:57 PM 





Table C-3 
Calculation of Volatilization Factors 


Reichhold, Inc., Andover, Massachusetts 


















































Diffusivity Henry's Law Diffusivity Soil Organic Carbon Solubility Soil Water Apparent Volatilization 
in Air Constant in Water Partition Coeff. in Water Partition Coeff. Diffusivity Factor Reference 
Chemical (Di) (H') (Dy) (Koc) (S) (Ka = Koc X Foc) (Da) (VF) 
(cm‘/s) (unitless) (cm‘/s) (cm*/g) (mg/L) (gicm*) (cm‘/s) (m*/kg) 
1,2,4-Trimethylbenzene 1.4E+03 5.7E+01 8.1E+00 1.2E+04 J&E Model 
4 ,2-Dichlorobenzene 6.2E+02 1.6E+02 3.7E+00 1.4E+04 SSL 
4,3,5-Trimethylbenzene 1.4E+03 2.0E+00 8.1E+00 1.2E+04 J&E Model 
1 4-Dichlorobenzene 
2-Butanone 
a-Methyl-2-pontanone 
Acetone 1.6E-03 5.8E-01 1.0E+06 1.2E+04 SSL 
Benzene 2.3E-01 5.9E+01 1.8E+03 2.6E+03 SSL 
(Carbon disulfide 1.2E+00 4.6E+01 1.2E+03 1.1E+03 SSL 
(Chiorobenzene 
Ethylbenzene 
[sopropylbenzene 
In-Butylbenzene 1.1E+03 2.0E+00 6.7E+00 7.7E+03 J&E Model 
In-Propylbenzene 5.6E+02 6.0E+01 3.4E+00 6.0E+03 J&E Model 
Naphthalene 2.0E+03 3.1E+01 1.2E+01 5.2E+04 SSL 
Methy! tert butyl ether 9.4E-04 
Methylene chloride 
[o-xyiene SSL 
p-Teopropyoluons 
lp/m-Xylene 3.9E+02 1.9E+02 2.3E+00 5.2E+03 SSL 
lsec-Butylbenzene 9.7E+02 3.9E+00 5.8E+00 7.0E+03 J&E Model 
Styrene 7.8E+02 3.1E+02 4.7E+00 1.3E+04 SSL 
|Toluene 1.8E+02 5.3E+02 1.1E+00 3.7E+03 SSL 
otal Xylenes' 7.7E-02 8.4E-06 3.9E+02 1.9E+02 2.3E+00 5.2E-04 5.2E+03 SSL 

















Equations: 


Volatilization factor (VF) = 
(m*/kg) 


Apparent Diffusivity (Da) = 
(cm*/s) 


QCyo * (3.14 * Dy * T)"? * 10° (m2/cm?) 





2*tp* Da 


[(Q,°°8* DH! + Qy%3* Dyin?) 





(th * Kg + Qy + Q,*H') 








Parameters Values 
Q/Cyo1 - Inverse of the geometric mean air concentration to the 

volatilization flux at the center of a 0.5 acre-square source (g/m?- 65.36 
s per kg/m*) 

'T - Exposure interval(s) 9.5E+08 
Tp - Soil bulk density (g/cm*) 15 
Q, - Air-filled soil porosity (Lair/Lsoi) = 1 - Qy 0.28 
n - Total soil porosity (Lpore/L soit) = 1 - (tb/ts) 0.43 
Q, - Water-filled soil porosity (Lyate/Lsoi) 0.15 
r, - Soil particle density (g/cm*) 2.65 
foc - fraction organic carbon in soil (g/g) 0.006 


Note: 





QIC value for 0.5 acre source area in Zone 8, Hartford, Connecticut, from the Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites, OSWER 9355.4-24 (EPA, 2002). 
SSL = Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites, OSWER 9355.4-24 (EPA, 2002). Chemical and physical properties from Exhibit C-1. 
J&E Model = Johnson and Ettinger Model (USEPA, 2004). Chemical and physical properties from Johnson and Ettinger Model Vlookup Spreadsheet. 


" lsopropylbenzene was used as a surrogate. 
* p-Xylene was used as a surrogate. 





Table C-4 
Johnson and Ettinger Groundwater Input Parameter Values 
Reichhold, Inc., Andover, Massachusetts 


Symbol Parameter Description 


Average Soil/Groundwater P generic assumption (average shallow 
Temperature ater temperature) (MADEP, 2009). 





Depth Below Grade to Bottom of This is the depth from soil surface to the P generic assumption (6 feet) (MADEP, 
Enclosed Space Floor bottom of the floor in contact with soil. 


Depth Below Grade to Water Table P generic assumption (7 feet) (MADEP, 


Thickness of soil stratum A is assumed to be 


Thickness of Soll Stratum Ay consistent with depth below grade to water table. 





Thickness of Soil Stratum B Not used. 

Thickness of Soil Stratum C cm Not used. 

Soil Stratum Directly above Water A Consistent with the deepest stratum with a specified 
unitless |, . 

Table thickness (ha). 














A parameter associated with convective 
User-Defined Soil Vapor transport of vapors within the zone of 

Permeability influence of a building. It is related to the 
size and shape of connected soil pores. 





MassDEP generic assumption (sand) (MADEP, 
2009). 

Stratum A Soil Dry Bulk Density . g/cem* Default for sand. 

Used with water-filled porosity to calculate 
air-filled porosity. 

Used with total porosity to calculate air- 
filled porosity. 


Stratum A SCS Soil Type Used to estimate soil vapor permeability. unitless 








Stratum A Total Soil Porosity unitless |Default for sand. 
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Stratum A Soil Water-Filled porosity cm*/cm* |Default for sand. 





Stratum B Soil Dry Bulk Density g/cm® Not used. 





Used with water-filled porosity to calculate 
air-filled porosity. 

Used with total porosity to calculate air- 
filled porosity. 

Stratum C Soil Dry Bulk Density g/cm® Not used. 
Used with water-filled porosity to calculate 
air-filled porosity. 

Used with total porosity to calculate air- 
filled porosity. 

Enclosed Space Floor Thickness cm DEP generic assumption (MADEP, 2009). 


Stratum B Total Soil Porosity unitless ]Not used. 
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Stratum B Soil Water-Filled porosity cm*/cm* |Not used. 








Stratum C Total Soil Porosity unitless ]Not used. 











Stratum C Soil Water-Filled porosity cm3/cm 











Soil-Building Pressure Differential g/cm-s? DEP generic assumption (MADEP, 2009). 





Enclosed Space Floor Length DEP generic assumption (MADEP, 2009). 
Enclosed Space Floor Width DEP generic assumption (MADEP, 2009). 
Enclosed Space Height DEP generic assumption (MADEP, 2009). 


Represents a gap assumed to exist at the 
junction between the floor and the 
foundation perimeter. This gap is due to 
building design or concrete shrinkage. It 
represents the only route for soil gas 
intrusion into a building. 











Floor-Wall Seam Crack Width DEP generic assumption (MADEP, 2009). 














Building ventilation rate, expressed in units 


Indoor Air Exchange Rate of air changes per hour (ACH). 


DEP generic assumption (MADEP, 2009). 





Average vapor flow rate into bldg. 














Note: 
MADEP, 2009 - Numerical Standards Spreadsheets. 


Table C-5 
Johnson and Ettinger Groundwater Version 3.1 Advanced Model Example and Output Values 
Reichhold, Inc., Andover, Massachusetts 


Henry's Henry's Enthalpy of Organic Pure Stratum A StratumB Stratum C StratumA Stratum A Stratum A Stratum A Total —Airfilled  Water-filed — Floor- enclosed Crack Enthalpy of Henry's law Henry's law Vapor A B c zone overall Average Crack equivalent source — Infinite 

law constant law constant vaporization at_ Normal carbon component Unit Source- soil soil soil effective soil soil soil Thickness of porosity in porosity in porosity in wall Bldg. space _—_to-total vaporization at constant at constant at viscosity at effective effective effective effective effective Diffusion Convection Source vapor effective foundation indoor source 

Diffusivity Diffusivity _atreference reference the normal boiling Critical partition water risk Reference Exposure building airfiled_—air-fled air-filled total fluid —_intrinsic_—relative air effective vapor capillary capillary capillary capillary seam ventilation below —area ave. groundwater ave. groundwater ave. groundwater ave. soil _—_ diffusion diffusion _ diffusion diffusion diffusion _path path vapor Crack flowrate diffusion Areaof Peclet attenuation —_bdg. 
in air, inwater, temperature, temperature, boiling point, point, temperature, coefficient, solubility, factor, conc, duration, separation, porosity, porosity, porosity, saturation, permeability, permeability, permeability, zone, zone, zone, zone, perimeter, rate, grade, —ratio, temperature, temperature, temperature, temperature, coefficient, coefficient, coefficient, coefficient, coefficient, length, —_ length, radius, into bldg., coefficient, crack, number, coefficient, conc., 


Groundwater 
Concentration * Da Dw H TR DHy,b 1B Tc Koc s URF RIC t Ly oe oe 0° Ste kg k, le Pex Cace Oce Xerack Quin Ae 1 AH, rs Hrs His Hrs Dw, Db“, Dm, Dw. Pa be Ly Counce 0k Qsci 


CASRN Chemical (ug/L) (cm2/s) (om2is) {atm-m3/mol) (oC) (calimol) (ok) (ok) (cm3i/g) (mg/L) (mgim3)-1__(mg/m3) __(sec) (cm) (cm*/em*) (cm*/em*)_ (cm*/cm*) _(cm*/cm*) (cm?) (cm’) (cm) (cm*/cm*) _(cm*/cm*) _(cm*/cm*) (om) (cm’/s) __(cm*) _(unitless) (cal/mol) (atm-m*/mol) (unitless) (glcm-s) (cm*/s) (cm*/s) (cm*/s) (cm*/s) (cm*/s) (om) (om) (ugim’) (om) (om’/s)__(cm’/s) (cm*) _(unitless) __(unitless)__(ug/m’) 


Dm Asc @xP(Pe) « Coating 








Future Industrial Worker Scenario 
95636 1,2,4-Trimethylbenzene 5.09E+03, 
95501 1,2-Dichlorobenzene 2.00E+01 

107062 1,2-Dichloroethane 1.80E+00 
108678 1,3,5-Trimethylbenzene 1.80E+03 
541731 1,3-Dichlorobenzene 4.60E+00 
106467 1,4-Dichlorobenzene 8.60E+01 
108101 4-Methyl-2-pentanone 7.65E+02 
67641 Acetone 9.00E+00 
71432 Benzene 1.096402 
108907 Chlorobenzene? 3.54E+02 
100414 Ethylbenzene 1,56E+04 
98828 Isopropylbenzene 9.50E+01 
1634044 Methyl tert butyl ether 1.00€+01 
91203 Naphthalene 2.63E+02 
104518 n-Butylbenzene 5.80E+01 
103651 n-Propylbenzene 1,096 +02 
95476 o-Xylene 1,90E+03 
1330207 plm-Xylene” 6.90E+03, 
99876 p-Isopropyltoluene* 1.56E+02 
135988 sec-Butylbenzene 3.40E+00 
100425 Styrene® 2.09E+01 
98066 tert-Butylbenzene 9.00E-01 
994058 Tertiary-Amyl Methyl Ether® 5.60E+00 
108883 Toluene 6.30E+01 


4.732E+05 
5.738E+02 
3.531E+01 
1.600E+05 
2.254E+02 
3.242E+03 
1.876E+03 
7.626E+00 
1.256E+04 
2.343E+04 
2.128E+06 
1.927E+04 
1.398E+02 
1.719E+03 
1.136E+04 
1.809E+04 
1.670E+05 
9.076E+05 
3.165E+04 
1.289E-01 
9.700E+02 
1.968E+02 
7.826E+01 
7.921E+03 


321.928998 
0.41248071 
0.02917116 
108.580576 
0.16191861 
23284568 

1.44696037 
0.0070405 

9.8175212 

17.1640449 
1872.92428 
13.4784247 
0.11519448 
1.18276431 
7.52335105 
12.2557776 
130.047061 
676.865183 
22.1329922 
0.00013678 
0.70372661 
0.12983215 
0.06450891 
6.16554811 





Current Industrial Worker Scenario 
1634044 Methyl tert butyl ether 2.70E+00 


0.03110251 





Model Input: 


Average 
soill 
groundwater 
temperature, 
Ts 
(oC) 


below grade 
to bottom 
of enclosed 
space floor, 
LF 
(cm) 


Depth 


below grade 
to water table, 


LWT 
(om) 


Thickness __ Thickness ‘stratum A User-defined 


Thickness 
of soil 
stratum A, 
hA 
(cm) 


‘of soi 
stratum C, 


‘Enter value or OEnter value or Gf 


hc 
(om) 


Soil scs stratum A 
stratum scs soil type soil vapor 


directly above soil type __ sed to estima OR permeability, 


water table, directly above | soil vapor kv 


(Enter A,B, orC) water table | permeability) (om2) 








70 





183 





213 





Stratum A 
SCS 
soil type 


Stratum A 
soil dry 
bulk density, 
pBA 
(gicm3) 


Stratum A 
soil total 
porosity, 

nA 

(unitless) 


213 


Stratum A 
soil water-filled 
porosity, 
0A 
(cm3/om3) 


Stratum B 
soil dry 


bulk density, 


PBB 
(gicm3) 








Ss S 





Stratum B StratumB Stratum = Stratum — Stratum C 
soil total soil water-filled SCS. soil dry soil total 
porosity, porosity, soil type bulk density, _ porosity, 

nB 0B pix nc 

(unitless) (cm3/om3) (glcm3) ___(unitless) 


soil water-filled 








Enclosed 
space 


15 


Soil-bldg. 


0.43 


Enclosed 
space 


0.06 


Enclosed 
space 


Floor-wall 


Indoor 


floor pressure floor floor space seam crack air exchange 
thickness, differential, length, width, height, width, rate, 
Lorack Atl LB we HB w ER 
(om) (glom-s2) (om) (om) (om) (om) (ih) 
70 40 ‘961 ‘961 488 O71 045 








Note: 
" p-xylene was used as a surrogate for p/m-xylene 

|‘ sopropylbenzene was used as a surrogate for p-Isopropyltoluene 

|’ Methyl tert butyl ether was used as a surrogate for Tertiary-amyl methyl ether 

|’ Maximum detected groundwater concentrations were used. 

P Average detected groundwater concentration at the sample location where the maximum detected concentration was observed 
IN/A = Not applicable 





APPENDIX D 


HHRAA DATA RELATED TABLES 





Table D-1 
Summary of Samples Used in the HHRAA 
Reichhold, Inc., Andover, Massachusetts 

















eS YS ( 
Ground- 
0-6 Ft Soil | Demolished Ground- Ground- | Water Near 
Phenols 0-2 Ft Soil | 0-6 Ft Soil Utility Concrete Water All | Water Near Uti Surface 
Matrix Sample I.D. Date Collected | Depth (ft) | VOCs | SVOCs (4) Metals All Areas All Areas Corridor All Area Areas Buildings Corridor Water Sediment 
Soil MFSB7-S 2/10/1997 0.5-3 x x x6 x x 
Soil MFSB8-S 2/10/1997 0.5-3 x x x6 x x 
Soil MFSB9-S 2/10/1997 0.5-3 x x x6 x x 
Soil MFSB10-D 2/10/1997 4-8 x x x6 x 
Soil MFSB2-S 1/30/1997 1-3 x x x6 x x 
Soil MFSB2-D 1/30/1997 3-5 x x x6 x 
Soil MFSB11-S 2/11/1997 0-3 x x x6 x x 
Soil MFSB12-S 2/12/1997 0-3 x x x6 x x 
Soil MFSB13-S 2/11/1997 0-3 x x x6 x x 
Soil MFSB18-S 2/12/1997 0-3 x x x6 x x 
Soil MFSB18-D 2/12/1997 4-5 x x x6 x 
Soil MFSB20-S 2/11/1997 0-3 x x x7 x x 
Soil MFSB15-S 2/10/1997 0-3 x x x7 x x 
Soil MFA-101 9/11/1998 2.5 x1 x x 
Soil MFA-102 9/11/1998 2.5 x1 x x 
Soil MFA-103 9/14/1998 4 x1 x x 
Soil MFA-104 9/15/1998 4 x1 x x 
Soil MFA-105, 9/24/1998 4 x1 x x 
Soil MFA-106 9/16/1998 5 x1 x x 
Soil MFA-107 9/15/1998 5 x1 x x 
Soil MFA-108 9/16/1998 5 x1 x x 
Soil MFA-109 9/24/1998 4 x1 x x 
Soil MFA-KBSW2 9/17/1998 3 x1 x 
Soil MFA-KBSW3 9/17/1998 3 x1 x 
Soil MFA-KBSW4B, 10/19/1998 3 x1 x 
Soil MFA-KBBOT2 9/17/1998 45 x1 x 
Soil MFA-STYR1 12/29/1998 4 x2 x 
Soil MFA-STYR2 12/29/1998 4 x2 x 
Soil MFA-STYR3 12/29/1998 4 x2 x 
Soil MFA-STYR4 12/31/1998 4 x2 x 
Soil MFA-TF1 10/16/1998 3 x1 x x 
Soil MFA-TF2 10/16/1998 3 x1 x x 
Soil MFA-TF3 10/16/1998 3 x1 x x 
Soil MFA-TF4 10/21/1998 3 x1 x x 
Soil MFA-110A 10/28/1998 4 x1 x 
Soil MFA-111B 10/30/1998 4 x1 x 
Soil MFA-111C 10/30/1998 4 x1 x 
Soil MFA-112B 10/30/1998 4 x1 x 
Soil MFA-113 10/28/1998 4 x1 x 
Soil MFA-CS1 9/11/1998 0-4 x x 
Soil MFA-CS2 9/11/1998 0-4 x3 x x 
Soil TP-1 3/7/2006 4 x x 
Soil TP-3 3/7/2006 4 x x 
Soil TP-5 3/7/2006 4 x x 
Soil TP-6 3/7/2006 4 x x 
Soil TP-9 3/7/2006 4 x x 
Soil GP-10 3/28/2006 4-8 x x x 
Soil GP-12 3/29/2006 0-4 x x x x 
Soil GP-13 3/28/2006 0-3 x x x x x 
Soil GP-14 3/29/2006 0-4 x x x x 
Soil GP-3 3/28/2006 0-4 x x x x 
Soil GP-4 3/28/2006 0-4 x x x x 
Soil GP-8 3/29/2006 0-4 x x x x 
Soil GP-9 3/29/2006 0-4 x x x x 
Soil UB-1S-0-2 4/24/2007 0-2 x x x x7 x x 
Soil UB-1D-6-8 4/24/2007 6-8 x x x x7 x 
Soil UB-2S-0-2 4/24/2007 0-2 x x x x x 
Soil UB-2D-2-6 4/24/2007 2-6 x x x x 
Soil UB-3S-0-2 4/24/2007 0-2 x x x x x 
Soil UB-3D-2-6 4/24/2007 2-6 x x x x 
Soil UB-4S-0-2 4/24/2007 0-2 x x x x x 
Soil UB-4D-2-6 4/24/2007 2-6 x x x x 
Soil UB-5S-0-2 4/24/2007 0-2 x x x x x 
Soil UB-5D-6-10 4/25/2007 6-10 x x x x 
Soil UB-6S-0-2 4/24/2007 0-2 x x x x7 x x x 
Soil UB-6D-6-10 4/24/2007 6-10 x x x x7 x x 
Soil UB-7S-0-2 4/24/2007 0-2 x x x x 
Soil UB-7D-2-6 4/24/2007 2-6 x x x 
Soil UB-8S-0-2 4/24/2007 0-2 x x x x 
Soil UB-8D-4-8 4/24/2007 4-8 x x x 
Soil TP-1-US 7/1/2007 3.5-5.5 x x x7 x 
Soil TP-2-US 7/1/2007 6-8 x x x 
Soil TP-3-US 7/1/2007 2-3 x x x7 x 
Soil TP-4-US 7/1/2007 4 x x x7 x 
Soil TP-5-US 7/1/2007 4 x x x7 x 
Soil TP-1-0-2 7/1/2007 0-2 x x x7 x x 
Soil 7/1/2007 0-2 x x x7 x x 
Soil TP-3-0-2 7/1/2007 0-2 x x x7 x x 
Soil TP-3A-US 7/1/2007 2 x x x x 
Soil FMA-HS-1-0-2 6/18/2008 0-2 x9 x x 
Soil FMA-HS-1-2-4 6/18/2008 2-4 x9 x 
Soil FMA-HS-2-0-2 6/18/2008 0-2 x9 x x 
Soil FMA-HS-2-2-4 6/18/2008 2-4 x9 x 
Soil FMA-HS-3-0-2 6/18/2008 0-2 x9 x x 
Soil FMA-HS-3-2-4 6/18/2008 2-4 x9 x 












































Table D-1 
Summary of Samples Used in the HHRAA 
Reichhold, Inc., Andover, Massachusetts 























eS (0 
Ground- 
0-6 Ft Soil | Demolished Ground- Ground- | Water Near 
Phenols 0-2 Ft Soil | 0-6 Ft Soil Utility Concrete Water All | Water Near Uti Surface 
Matrix Sample I.D. Date Collected | Depth (ft) | VOCs | SVOCs (4) Metals All Areas All Areas Corridor All Area Areas Buildings Corridor Water Sediment 
Soil FMA-HS-4-0-2 6/18/2008 0-2 x9 x x 
Soil FMA-HS-4-2-4 6/18/2008 2-4 x9 x 
Soil FMA-HS-5-0-2 6/18/2008 0-2 x9 x x 
Soil FMA-HS-5-2-4 6/18/2008 2-4 x9 x 
Soil FMA-HS-6-0-2 6/20/2008 0-2 x10 x x 
Soil FMA-HS-6-2-4 6/20/2008 2-4 x10 x 
Soil FMA-HS-6-4-6, 6/20/2008 4-6 x10 x 
Soil FMA-HS-7-0-2 6/20/2008 0-2 x10 x x 
Soil FMA-HS-7-2-4 6/20/2008 2-4 x10 x 
Soil FMA-HS-7-4-6 6/20/2008 4-6 x10 x 
Soil FMA-HS-8-0-2 6/20/2008 0-2 x10 x x 
Soil FMA-HS-8-2-4 6/20/2008 2-4 x10 x 
Soil FMA-HS-8-4-6, 6/20/2008 4-6 x10 x 
Concrete CP-Garage 10/31/2007 - x x x x x 
Concrete CP-Garage-RS 3/4/2008 - x x 
Concrete CP-Stockroom 10/31/2007 7 x x x x x 
Concrete CP-SR-RS 3/4/2008 . x x 
Concrete CP-TF-Clean 10/31/2007 7 x x x x x 
Concrete CP-TF-Clean-RS 3/4/2008 5 x x 
Concrete CP-Pilot 10/31/2007 S x x x x x 
Concrete CP-Pilot 3/4/2008 = x x 
Concrete CP-TF-Stain 10/31/2007 3 x x x x x 
Concrete CP-DUP 10/31/2007 2 x x x x x 
Concrete CP-TF-Stain-RS 3/4/2008 = x x 
Groundwater CHMW-13 t 07/06/06 - x5 x 
Groundwater MW-6S 07/06/06 q x x 
Groundwater CHMW-12 t 07/07/06 - x 
Groundwater CHMW-9 07/07/06 = x x 
Groundwater GM-2 t 07/07/06 - x5 x 
Groundwater GP-06 t 07/07/06 - x 
Groundwater GP-07 07/07/06 a x x 
Groundwater GP-09 07/07/06 = x xd x 
Groundwater GP-16 07/07/06 3 x x 
Groundwater GP-17 07/07/06 : x x 
Groundwater GM-6S t+ 10/03/06 - x 
Groundwater GP-05 10/03/06 bs x x 
Groundwater GP-06 t 10/03/06 - x 
Groundwater GP-07 10/03/06 E x x 
Groundwater GP-08 10/03/06 - x x 
Groundwater GP-03 10/05/06 = x x 
Groundwater GM-2 t 12/13/06 - 4 Py x 
Groundwater GM-6S + 12/13/2006 - x x 
Groundwater CHMW-9 12/13/2006 5 x x x5 x 
Groundwater CHMW-12 t 12/13/2006 - x a 
Groundwater CHMW-13 t 12/13/2006 - x x5 x 
Groundwater GP-1 12/13/2006 . x x x x 
Groundwater GP-2 12/13/2006 5 x x x 
Groundwater GP-3 12/13/2006 7 x x x 
Groundwater GP-4 12/13/2006 . x x x 
Groundwater GP-5 12/13/2006 7 x x x 
Groundwater GP-6 t 12/13/2006 - x x 
Groundwater GP-7 12/13/2006 = x x x 
Groundwater GP-8 12/13/2006 - x x x 
Groundwater GP-9 12/13/2006 = x x x 
Groundwater GP-10 t 12/13/2006 - x x 
Groundwater GP-11 t 12/13/2006 - x x 
Groundwater GP-12 03/29/06 - x x x 
Groundwater GP-13 12/13/2006 . x x x x 
Groundwater GP-14 03/29/06 - x x x 
Groundwater GP-15 12/13/2006 = x x x 
Groundwater GP-16 12/13/2006 - x x x 
Groundwater GP-17 12/13/2006 . x x x 
Groundwater GP-18 12/13/2006 - x x x 
Groundwater GP-19 12/13/2006 = x x x 
Groundwater GP-20 12/13/2006 - x x x 
Groundwater UB-1 5/2/2007 . x x x x8 x x 
Groundwater UB-2 5/3/2007 : x x x x x 
Groundwater UB-3 5/3/2007 < x x x x x 
Groundwater UB-4 5/3/2007 - x x x x x 
Groundwater UB-5 5/3/2007 7 x x x x8 x x 
Groundwater UB-6 5/3/2007 < x x x x8 x x 
Groundwater UB-7 5/3/2007 . x x x x 
Groundwater UB-8 5/2/2007 ce x x x x8 x x 
Groundwater GM-2 t 05/03/07 - * x 
Groundwater GM-6S + 05/03/07 - x x 
Groundwater GP-03 05/03/07 - x x x 
Groundwater GP-05 05/03/07 3 x x x 
Groundwater GP-06 t 05/03/07 - x x 
Groundwater GP-07 05/03/07 7 x x x 
Groundwater GP-08 05/03/07 7 x x x 
Groundwater GP-9 05/04/07 2 x x x 
Groundwater GP-11 t 05/03/07 - x x 
Groundwater GP-16 05/04/07 B x x x 
Groundwater GP-17 05/04/07 be x x x 
Groundwater CHMW-9 05/03/07 7 x x x 
Groundwater CHMW-12 t 05/03/07 - x x 
Groundwater CHMW-13 t 05/03/07 - x x 
Groundwater GM-2 6/22/2009 = x x 
Groundwater GM-2 10/1/2009 = x x 
Groundwater GM-2 8/23/2010 = x x 
Groundwater GM-2 12/2/2010 . x x 
Groundwater GM-2 6/17/2011 $ x x 
Groundwater GM-2 10/19/2011 5 x x 












































Table D-1 
Summary of Samples Used in the HHRAA 
Reichhold, Inc., Andover, Massachusetts 


—— ne Analyies Exposure Medium/Area 


Ground- 
0-6 Ft Soil | Demolished Ground- Ground- | Water Near 
Phenols 0-2 Ft Soil | 0-6 Ft Soil Utility Concrete Water All | Water Near Uti 
Matrix Sample I.D. Date Collected | Depth (ft) (4) Metals All Areas All Areas Corridor All Area Areas Buildings Corridor Sediment 








Groundwater GM-6S 6/22/2009 
Groundwater GM-6S 10/1/2009 
Groundwater GM-6S 8/23/2010 
Groundwater GM-6S 12/2/2010 
Groundwater GM-6S 7/17/2011 
Groundwater GM-6S 10/19/2011 
Groundwater GP-06 6/30/2009 
Groundwater GP-06 10/1/2009 
Groundwater GP-06 8/23/2010 
Groundwater GP-06 12/2/2010 
Groundwater GP-06 6/17/2011 
Groundwater GP-06 10/19/2011 
Groundwater GP-10 6/22/2009 
Groundwater GP-10 10/1/2009 
Groundwater GP-10 8/23/2010 
Groundwater GP-10 12/2/2010 
Groundwater GP-10 6/17/2011 
Groundwater GP-10 10/19/2011 
Groundwater GP-11 6/22/2009 
Groundwater GP-11 10/1/2009 
Groundwater GP-11 8/23/2010 
Groundwater GP-11 12/2/2010 
Groundwater GP-11 6/17/2011 
Groundwater GP-11 10/19/2011 
Groundwater CHMW-12 6/22/2009 
Groundwater CHMW-12 10/1/2009 
Groundwater CHMW-12 8/23/2010 
Groundwater CHMW-12 12/2/2010 
Groundwater CHMW-12 6/17/2011 
Groundwater CHMW-12 10/19/2011 
Groundwater CHMW-13 6/22/2009 
Groundwater CHMW-13 10/1/2009 
Groundwater CHMW-13 8/23/2010 
Groundwater CHMW-13 12/2/2010 
Groundwater CHMW-13 6/17/2011 
Groundwater CHMW-13 10/19/2011 

Sediment SED2-CH12 6/6/2007 

Sediment SED3-CH13 6/6/2007 
Surface Water SW2-CH12 6/7/2007 
Surface Water SW3-CH13. 6/7/2007 





















































Note: 

1 - Reported naphthalene, MTBE, and BTEX only 

2 - Reported styrene and ethylbenzene only 

3 - Reported BTEX only 

4 - Phenolic compounds, 

5 - Arsenic and manganese 

6 - Cadmium, copper, iron, lead, and zinc 

7 - RCRA Metals (arsenic, barium, cadmium, chromium, lead, mercury, selenium and silver) + iron and zinc 
8 - Arsenic, barium, iron, and zinc 

9 - copper 

10 - cadmium and zinc 

t+ Most recent three years worth of data were used for groundwater monitoring seven wells (GM-2, GM-6S, GP-6, GP-10, GP-11, CHMW-12, and CHMW-13) included in the Operation, Management, Monitoring program. 


Table D-2 


Evaluation of Exposure Point Concentrations - 0-2 Ft Soil 
Reichhold, Inc., Andover, Massachusetts 








Receptors: 

Current Industrial Worker 

Future Recreational Adult 
Future Recreational Youth 


Exposure Medium: Soil (0-2 ft bgs) 


Risk-Based Concentration’ [Cd CY 


1,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
[Acetone 

Ethylbenzene 
lsopropylbenzene (cumene) 
n-Butylbenzene” 
n-Propylbenzene® 
Naphthalene 

Methyl tert butyl ether 
Methylene chloride 


Carcino- 
genic 


2.7E+02 


1.8E+02 
2.2E+03 
9.6E+03 


1.2E+03 


9.3E+04 





2.6E+02 
1.0E+04 
6.3E+05 
2.1E+04 
1.1E+04 
1.4E+03 
1.8E+03 
6.2E+02 
6.9E+04 
3.1E+03 
3.0E+03 
1.1E+04 
2.5E+03 
2.7E+03 
1.2E+04 
3.1E+04 
1.8E+05 
1.2E+04 
1.9E+05 
8.0E+02 
4.1E+04 
7.2E+05 
5.1E+03 
3.1E+05 





Lowest Value 
(RBC) 


2.6E+02 
1.0E+04 
6.3E+05 
2.7E+02 
1.1E+04 
1.4E+03 
1.8E+03 
1.8E+02 
2.2E+03 
3.1E+03 
3.0E+03 
1.1E+04 
2.5E+03 
2.7E+03 
1.2E+04 
3.1E+04 
1.8E+05 
1.2E+03 
1.9E+05 
8.0E+02 
4.1E+04 
7.2E+05 
5.1E+03 
3.1E+05 


Percentage 
of Data 
Points s RBC 





EPC (Average 
Concentration) 


1.1E+01 
4.7E+00 
9.2E-01 
9.2E-01 
1.1E-01 
1.4E+00 
3.8E-01 
1.1E+00 
1.9E-01 
7.1E-01 
1.4E+00 
1.1E-01 
6.7E+00 
2.2E-01 
1.9E-01 
2.8E-01 
5.6E-01 
2.6E-01 
2.6E+01 
1.1E+00 
2.2E+01 
1.0E+04 
2.9E-01 
1.3E+02 


" Based on USEPA Regional Screening Levels (May 2012), using target ILCR of 1x10-5 and HI=1 
? Chlorobenzene used as a surrogate. 

5 Bromobenzene used as a surrogate. 

i lsopropylbenzene used as a surrogate. 
° 2,6-Dimethylphenol used as a surrogate. 
EPC - Exposure point concentration 

RBC - Risk-based concentration 


EPC < RBC 


Maximum 
Concentration 


2.0E+02 
8.1E+01 
1.0E-01 
1.5E+01 
2.3E-01 
2.6E+01 
6.2E+00 
1.9E+01 
2.0E-01 
1.5E-01 
1.2E+01 
2.2E-01 
7.7E+01 
7.1E-01 
4.2E-01 
1.3E+00 
4.5E+00 
4.2E-01 
7.7E+01 
5.5E+00 
2.5E+02 
3.1E+04 
6.0E-01 
5.9E+02 





Max Conc. 
<RBC 





10X RBC 


2.6E+03 
1.0E+05 
6.3E+06 
2.7E+03 
1.1E+05 
1.4E+04 
1.8E+04 
1.8E+03 
2.2E+04 
3.1E+04 
3.0E+04 
1.1E+05 
2.5E+04 
2.7E+04 
1.2E+05 
3.1E+05 
1.8E+06 
1.2E+04 
1.9E+06 
8.0E+03 
4.1E+05 
7.2E+06 
5.1E+04 
3.1E+06 








Max Conc. < 
10X RBC 


Table D-3 
Evaluation of Exposure Point Concentrations - 0-6 Ft Soil 
Reichhold, Inc., Andover, Massachusetts 


Receptor Populations: 

Future Industrial Worker 

Future Construction Worker 
Exposure Medium: Soil (0 - 6 ft bgs) 


Risk-Based Concentration ' 


Carcino- 
genic ogenic 


Percentage 
of Data 
Points s RBC 
1,2,4-Trimethylbenzene 2.6E+02 2.6E+02 1.4E+02 2.1E+03 2.6E+03 
1,2-Dichlorobenzene 9.8E+03 | 9.8E+03 2.3E+00 3.9E+01 9.8E+04 
1,3,5-Trimethylbenzene 1.0E+04 1.0E+04 4.6E+01 6.3E+02 1.0E+05 
1,4-Dichlorobenzene 1.2E+02 | 2.5E+04 1.2E+02 1.3E+00 3.0E-03 1.2E+03 
2-Butanone 2.0E+05 | 2.0E+05 1.0E+01 4.5E-02 2.0E+06 
4-Methyl-2-pentanone 5.3E+04 | 5.3E+04 8.4E+00 5.2E-02 5.3E+05 

6.3E+05 | 6.3E+05 8.7E+00 3.7E+01 6.3E+06 

5.4E+01 4.5E+02 5.4E+01 8.9E-01 9.0E-03 5.4E+02 

Carbon disulfide 3.7E+03 3.7E+03 1.5E+00 2.0E-03 3.7E+04 
Chlorobenzene 1.4E+03 1.4E+03 1.8E+00 5.4E+01 1.4E+04 
Ethylbenzene 2.7E+02 | 2.1E+04 | 2.7E+02 8.5E+00 1.4E+02 2.7E+03 
lsopropylbenzene (cumene) 1.1E+04 1.1E+04 1.9E+00 3.6E+01 1.1E+05 
n-Butylbenzene* 1.4E+03 1.4E+03 1.0E+01 1.2E+02 1.4E+04 
n-Propylbenzene * 1.8E+03 1.8E+03 4.1E+00 6.3E+01 1.8E+04 
Naphthalene 1.8E+02 | 6.2E+02 1.8E+02 9.5E+00 1.8E+02 1.8E+03 
Methyl tert butyl ether 2.2E+03 | 6.9E+04 | 2.2E+03 1.1E+00 2.0E-01 2.2E+04 
Methylene chloride 9.6E+03 | 3.1E+03 3.1E+03 5.1E+00 1.5E-01 3.1E+04 
jo-Xylene 3.0E+03 3.0E+03 1.1E+01 1.4E+02 3.0E+04 
p-lsopropyltoluene* 1.1E+04 1.1E+04 1.7E+00 1.0E+01 1.1E+05 
p/m-Xylene 2.5E+03 | 2.5E+03 6.2E+01 7.AE+02 2.5E+04 
sec-Butylbenzene ° 1.4E+03 1.4E+03 1.2E+00 4.1E+00 1.4E+04 
3.6E+04 3.6E+04 5.6E+00 1.4E+02 3.6E+05 

4.5E+04 4.5E+04 1.9E+00 6.0E+01 4.5E+05 

2.7E+03 | 2.7E+03 1.2E+02 2.1E+03 2.7E+04 

1.2E+04 1.2E+04 4.2E-01 1.3E+00 1.2E+05 

Methylphenol® 3.1E+04 3.1E+04 5.5E-01 2.6E+00 3.1E+05 
Phenol 1.8E+05 1.8E+05 1.3E+01 5.6E+02 1.8E+06 
2-Methylnaphthalene 2.2E+03 2.2E+03 1.2E+00 1.2E+01 2.2E+04 
bis(2-Ethylhexyl)phthalate 1.2E+03 1.2E+04 1.2E+03 2.8E-01 4.2E-01 1.2E+04 
Dibenzofuran ’ 1.0E+02 1.0E+02 3.0E-01 4.3E-01 1.0E+03 
Phenanthrene ® 1.7E+05 1.7E+05 6.1E-01 4.3E+00 1.7E+06 
1.6E+01 2.6E+02 1.6E+01 7.8E+00 2.2E+01 1.6E+02 

1.9E+05 1.9E+05 2.2E+01 7.7E+01 1.9E+06 

9.3E+04 8.0E+02 8.0E+02 4.7E+01 4.4E+01 8.0E+03 

1.5E+06 1.5E+06 1.7E+01 4.2E+01 1.5E+07 

4.1E+04 4.1E+04 1.6E+02 2.5E+02 4.1E+05 

7.2E+05 | 7.2E+05 9.5E+03 3.1E+04 7.2E+06 

8.0E+02 8.0E+02 2.3E+01 2.3E+02 8.0E+03 


5.1E+03 5.1E+03 3.0E-01 6.0E-01 5.1E+04 
3.1E+05 3.1E+05 7.4E+03 6.0E+03 3.1E+06 


EPC (Average |EPC s Maximum | Max Conc. 140X RBC Max Conc. 
Concentration) Concentration <RBC < 10X RBC 


" Based on USEPA Regional Screening Levels (May 2012), using target ILCR of 1x10-5 and HI=1 
? Chlorobenzene used as a surrogate. 

> Bromobenzene used as a 

i lsopropylbenzene used as a surrogate. 

 Chlorobenzene used as a surrogate. 

i 2,6-Dimethylphenol used as a surrogate. 


” Calculated using the PPRTV and equations/exposure factors in the Screening Levels for Chemical Contaminants User's Guide (Oak Ridge National Laboratory, 
May 2008) 

® Anthracene used as a surrogate. 

° Trivalent chromium used for non-carcinogenic RBC. 

EPC - Exposure point concentration 

RBC = Risk-based concentration 





Table D-4 
Evaluation of Exposure Point Concentrations - 0-6 Ft Soil in the Utility Corridor 
Reichhold, Inc., Andover, Massachusetts 


Receptor Population: 
Current/Future Utility Worker 
Exposure Medium: 0-6 Ft Soil along Utility Corridor 


- Percentage of Max 
= < 
Carcinogenic Noncarein Data Points < ba aa EPC <s RBC] Max Conc. | Conc. <| 10X RBC Pa cae 
ogenic RBC oncentration) RBC 
yes yes 


1,2,4-Trimethylbenzene 2.6E+02 2.6E+02 2.4E-01 1.8E+00 2.6E+03 


1,3,5-Trimethylbenzene 1.0E+04 1.0E+04 1.3E-01 5.2E-01 yes 1.0E+05 
1,4-Dichlorobenzene 1.2E+02 2.5E+04 1.2E+02 1.2E-01 3.0E-03 yes 1.2E+03 
2.0E+05 | 2.0E+05 3.4E-01 4.5E-02 yes 2.0E+06 
6.3E+05 | 6.3E+05 3.5E-01 2.1E-01 yes 6.3E+06 
Carbon disulfide 3.7E+03 3.7E+03 1.9E-01 2.0E-03 yes 3.7E+04 
Chlorobenzene 1.4E+03 1.4E+03 5.8E-02 4.4E-01 yes 1.4E+04 


Ethylbenzene 2.7E+02 2.1E+04 2.7E+02 1.4E+00 1.5E+01 yes 2.7E+03 
n-Propylbenzene* 1.8E+03 | 1.8E+03 2.0E-03 2.0E-03 yes 1.8E+04 
Naphthalene 1.8E+02 6.2E+02 | 1.8E+02 1.2E-01 4.0E-03 yes 1.8E+03 
o-Xylene 3.0E+03 | 3.0E+03 2.1E+00 1.2E+01 yes 3.0E+04 
p/m-Xylene 2.5E+03 | 2.5E+03 9.9E+00 6.5E+01 yes 2.5E+04 
Total Xylenes 2.7E+03 | 2.7E+03 7.5E+00 7.5E+01 yes 2.7E+04 
2,4-Dimethylphenol 1.2E+04 1.2E+04 3.1E-01 4.2E-01 yes 1.2E+05 
3.1E+04 | 3.1E+04 1.3E+00 1.3E+00 yes 3.1E+05 

1.8E+05 | 1.8E+05 7.9E-01 4.5E+00 yes 1.8E+06 

9.3E+04 8.0E+02 | 8.0E+02 4.4E+00 8.4E+00 yes 8.0E+03 

3.1E+05 3.1E+05 3.0E+03 6.0E+03 yes 3.1E+06 


Units in mg/kg 

' Based on USEPA Regional Screening Levels (May 2012), using target ILCR of 1x10-5 and HI=1. 
? Bromobenzene used as a surrogate. 

if 2,6-Dimethylphenol used as a surrogate. 

EPC - Exposure point concentration 

RBC = Risk-based concentration 





Table D-5 
Evaluation of Exposure Point Concentrations - Demolished Concrete 
Reichhold, Inc., Andover, Massachusetts 


Receptors: 

Future Industrial Worker 

Future Utility Worker 

Future Construction Worker 

Future Recreational Adult 

Future Recreational Youth 

Exposure Medium: Demolished Concrete 


Risk Based Concentration’ | ___] 


Percentage of 
Carcino- Lowest Value EPC (Average Maximum | Max Conc. Max Conc. < 
< < 
genic carl (RBC) Date eae Concentration) Epp ee Concentration <RBC JOKES 10X RBC 


6.3E+05 6.3E+05 2.8E-02 5.5E-02 6.3E+06 
2.5E+03 2.5E+03 4.0E-03 4.0E-03 2.5E+04 
1.8E+05 1.8E+05 3.3E+00 6.1E+00 1.8E+06 
N/A N/A N/A 3.9E+01 5.1E+01 N/A 
1.9E+05 1.9E+05 5.8E+01 7.8E+01 1.9E+06 
9.3E+04 | 8.0E+02 8.0E+02 1.2E+00 3.5E+00 8.0E+03 
1.5E+06 1.5E+06 3.5E+01 5.1E+01 1.5E+07 
1.5E+06 1.5E+06 4.3E+01 5.1E+01 1.5E+07 
4.1E+04 4.1E+04 2.9E+01 6.1E+01 4.1E+05 
7.2E+05 7.2E+05 1.8E+04 2.7E+04 7.2E+06 
3.1E+05 3.1E+05 1.1E+02 2.1E+02 3.1E+06 


"Based on USEPA Regional Screening Levels (May 2012), using target ILCR of 1x10-5 and HI=1 
? Trivalent chromium used for non-carcinogenic RBC. 

EPC - Exposure point concentration 

RBC - Risk-based concentration 





Table D-6 
Evaluation of Hot Spots - 0-2 Ft Soil (With Additional Metals Data) 
Reichhold, Inc., Andover, Massachusetts 


Receptors: 
Current Industrial Worker 
Future Recreational Adult 


Future Recreational Youth 
Exposure Medium: Soil (0-2 ft bgs) 


EPC (Average Detected Max Conc. < S-1/GW-2 Soil Maximum < Max Conc. < 
Concentration) 10 X EPC Concentration 10 X EPC Standard Standard 100 X EPC 100 X EPC 
1,2,4-Trimethylbenzene 1.1E+01 1.1E+02 2.0E+02 NA 1.1E+03 
1,3,5-Trimethylbenzene 4.7E+00 4.7E+01 8.1E+01 NA 4.7E+02 
Acetone 9.2E-01 9.2E+00 1.0E-01 5.0E+02 9.2E+01 
Ethylbenzene 9.2E-01 9.2E+00 1.5E+01 1.0E+03 9.2E+01 
lsopropylbenzene (cumene) 1.1E-01 1.1E+00 2.3E-01 - 1.1E+01 
n-Butylbenzene 1.4E+00 1.4E+01 2.6E+01 NA 1.4E+02 
n-Propylbenzene 3.8E-01 3.8E+00 6.2E+00 NA 3.8E+01 
Naphthalene 1.1E+00 1.1E+01 1.9E+01 4.0E+01 1.1E+02 
Methyl tert butyl ether 1.9E-01 1.9E+00 2.0E-01 1.9E+01 
Methylene chloride 7.1E-01 7.1E+00 1.5E-01 7.1E+01 
lo-Xylene 1.4E+00 1.4E+01 1.2E+01 1.4E+02 
p-lsopropyltoluene 1.1E-01 1.1E+00 2.2E-01 1.1E+01 
p/m-Xylene 6.7E+00 6.7E+01 7.7E+01 6.7E+02 
Total Xylenes 2.2E-01 2.2E+00 7.1E-01 2.2E+01 
2,4-Dimethylphenol 1.9E-01 1.9E+00 4.2E-01 1.9E+01 
3-Methylphenol/4-Methylphenol 2.8E-01 2.8E+00 1.3E+00 2.8E+01 
Phenol 5.6E-01 5.6E+00 4.5E+00 5.6E+01 
bis(2-Ethylhexyl)phthalate 2.6E-01 2.6E+00 4.2E-01 2.6E+01 
2.6E+01 2.6E+02 7.7E+01 2.6E+03 
1.1E+00 1.1E+01 5.5E+00 1.1E+02 
2.2E+01 2.2E+02 2.5E+02 2.2E+03 
1.0E+04 1.0E+05 3.1E+04 1.0E+06 
2.9E-01 2.9E+00 6.0E-01 2.9E+01 
1.3E+02 1.3E+03 5.9E+02 1.3E+04 


EPC - Exposure point concentration 
NA - Not available 





Table D-7 
Evaluation of Hot Spots - 0-6 Ft Soil (With Additional Metals Data) 
Reichhold, Inc., Andover, Massachusetts 


Receptor Populations: 
Future Industrial Worker 


Future Construction Worker 
Exposure Medium: Soil (0 - 6 ft bgs) 


S-2/GW-2 
EPC (Average Maximum Soil Maximum < Max Conc. < 
Concentration) 10 X EPC Concentration Standard | 100 X EPC | 100 X EPC 

1,2,4-Trimethylbenzene 1.4E+02 1.4E+03 2.1E+03 1.4E+04 
1,2-Dichlorobenzene 2.3E+00 2.3E+01 3.9E+01 2.3E+02 
1,3,5-Trimethylbenzene 4.6E+01 4.6E+02 6.3E+02 4.6E+03 
1,4-Dichlorobenzene 1.3E+00 1.3E+01 3.0E-03 1.3E+02 
2-Butanone 1.0E+01 1.0E+02 4.5E-02 1.0E+03 
4-Methyl-2-pentanone 8.4E+00 8.4E+01 5.2E-02 8.4E+02 

8.7E+00 8.7E+01 3.7E+01 8.7E+02 

8.9E-01 8.9E+00 9.0E-03 8.9E+01 
Carbon disulfide 1.5E+00 1.5E+01 2.0E-03 1.5E+02 
Chlorobenzene 1.8E+00 1.8E+01 5.4E+01 3.0E+00 1.8E+02 
Ethylbenzene 8.5E+00 8.5E+01 1.4E+02 1.0E+03 8.5E+02 
lsopropylbenzene (cumene) 1.9E+00 1.9E+01 3.6E+01 NA 1.9E+02 
n-Butylbenzene 1.0E+01 1.0E+02 1.2E+02 NA 1.0E+03 
n-Propylbenzene 4.1E+00 4.1E+01 6.3E+01 NA 4.1E+02 
Naphthalene 9.5E+00 9.5E+01 1.8E+02 4.0E+01 9.5E+02 
Methyl tert butyl ether 1.1E+00 1.1E+01 2.0E-01 1.1E+02 
Methylene chloride 5.1E+00 5.1E+01 1.5E-01 5.1E+02 
o-Xylene 1.1E+01 1.1E+02 1.4E+02 3.0E+02 1.1E+03 
p-lsopropyltoluene 1.7E+00 1.7E+01 1.0E+01 -- 1.7E+02 
p/m-Xylene 6.2E+01 6.2E+02 7.4E+02 3.0E+02 6.2E+03 
sec-Butylbenzene 1.2E+00 1.2E+01 4.1E+00 -- 1.2E+02 

5.6E+00 5.6E+01 1.4E+02 4.0E+00 5.6E+02 

1.9E+00 1.9E+01 6.0E+01 1.0E+03 1.9E+02 

1.2E+02 1.2E+03 2.1E+03 3.0E+02 1.2E+04 
2,4-Dimethylphenol 4.2E-01 4.2E+00 1.3E+00 4.2E+01 
3-Methylphenol/4-Methylphenol 5.5E-01 5.5E+00 2.6E+00 5.5E+01 
Phenol 1.3E+01 1.3E+02 5.6E+02 1.3E+03 
2-Methylnaphthalene 1.2E+00 1.2E+01 1.2E+01 1.2E+02 


bis(2-Ethylhexyl)phthalate 2.8E-01 2.8E+00 4.2E-01 2.8E+01 
3.0E-01 3.0E+00 4.3E-01 3.0E+01 
6.1E-01 6.1E+00 4.3E+00 6.1E+01 
7.8E+00 7.8E+01 2.2E+01 7.8E+02 
2.2E+01 2.2E+02 7.7E+01 2.2E+03 
4.7E+00 4.7E+01 4.4E+01 4.7E+02 
1.7E+01 1.7E+02 4.2E+01 1.7E+03 
1.6E+01 1.6E+02 2.5E+02 1.6E+03 
9.5E+03 9.5E+04 3.1E+04 9.5E+05 
2.3E+01 2.3E+02 2.3E+02 2.3E+03 
3.0E-01 3.0E+00 6.0E-01 3.0E+01 
7.4E+02 7.AE+03 6.0E+03 7.4E+04 


EPC - Exposure point concentration 
NA - Not available 





Table D-8 
Evaluation of Hot Spots - 0-6 Ft Soil in the Utility Corridor 
Reichhold, Inc., Andover, Massachusetts 


Receptor Population: 
Exposure Medium: 0-6 Ft Soil along Utility Corridor 

EPC (Average Max Conc. < $-2/GW-2 Soil Maximum < Max Conc. < 
poo Concentration) TOXERC 10 X EPC Standard Standard 100 X ERC 100 X EPC 


1,2,4-Trimethylbenzene 2.4E-01 2.4E+00 1.8E+00 2.4E+01 
1,3,5-Trimethylbenzene 1.3E-01 1.3E+00 5.2E-01 1.3E+01 
1,4-Dichlorobenzene 1.2E-01 1.2E+00 3.0E-03 1.2E+01 
3.4E-01 3.4E+00 4.5E-02 3.4E+01 
3.5E-01 3.5E+00 2.1E-01 3.5E+01 
Carbon disulfide 1.9E-01 1.9E+00 2.0E-03 1.9E+01 
IChlorobenzene 5.8E-02 5.8E-01 4.4E-01 5.8E+00 
Ethylbenzene 1.4E+00 1.4E+01 1.5E+01 . 1.4E+02 
n-Propylbenzene* 2.0E-03 2.0E-02 2.0E-03 2.0E-01 
Naphthalene 1.2E-01 1.2E+00 4.0E-03 1.2E+01 
2.1E+00 2.1E+01 1.2E+01 2.1E+02 
9.9E+00 9.9E+01 6.5E+01 9.9E+02 
7.5E+00 7.5E+01 7.5E+01 7.5E+02 
3.1E-01 3.1E+00 4.2E-01 3.1E+01 
1.3E+00 1.3E+01 1.3E+00 1.3E+02 
7.9E-01 7.9E+00 4.5E+00 7.9E+01 
4.4E+00 4.4E+01 8.4E+00 4.4E+02 
3.0E+03 3.0E+04 6.0E+03 3.0E+05 


EPC - Exposure point concentration 
NA - Not available 





Attachment C - Cumulative Human Health 
Risk Assessment Calculations 





Table C-1-1 
Subchronic Toxicity Factors for COCs 
Reichhold, Inc., Andover, Massachusetts 


Subchronic 
Subchronic Inhalation Reference | Source for Inhalation 
Oral RfD Concentration Reference 
ee Number (mg/kg-day) Source for Oral RfD‘ (mg/m) Concentration‘ 


pct 

"3 U.S. EPA Health Effects Assessment Summary Tables (HEAST), Annual FY-1997. 
IN/A - Not Available 

IRfD - Reference Dose 





Table C-1-2 
Chronic Toxicity Factors for COCs 
Reichhold, Inc., Andover, Massachusetts 


































Chronic Inhalation Source for 
Chronic Reference Inhalation 
Oral RfD (mg/kg- Concentration Reference 














CAS Number day) Source for Oral RfD‘ (mg/m’) Concentration’ 
2-Methylphenol 95-48-7 5.00E-02 N/A 
(Chloromethane 74-87-3 N/A 9.00E-02 
4 ,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 534-52-1 8.00E-05 N/A 


Trichlorofluoromethane 75-69-4 3.00E-01 7.00E-01 
Note: 
'S This value was developed by MA DEP ORS Air/Water Toxics staff. 

IRIS or PPRTV value obtained from USEPA Regional Screening Level table (May 2012) 
N/A - Not Available 

RfD - Reference Dose 


















Table C-1-3 
Oral Slope Factors and Inhalation Unit Risk Factors for COCs 
Reichhold, Inc., Andover, Massachusetts 











Weight 
Oral Source for Oral of 
coc CAS Number SF (mg/kg-day)* SF" URF (ug/m3)" | Source for URF'| _ Evidence 
2-Methylphenol 95-48-7 N/A 7 N/A v6 Cc 
4 ,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 534-52-1 N/A N/A N/A N/A N/A 
IChloromethane 74-87-3 N/A 7 N/A 7 D 
Trichlorofluoromethane 75-69-4 N/A N/A N/A N/A N/A 





Mass DEP. MCP Numerical Standards Development Spreadsheets . Retrieved August 2012, from http:/Awww.mass.gov/dep/service/compliance/riskasmt.htm. 
IN/A - Not Available 
ISF - Slope Factor 
IURF - Unit Risk Factor 
IEPA Carcinogen Group: 
C - Possible human carcinogen 
D - Not classifiable as a human carcinogen 














Table C-1-4 
Relative Absorption Factors 
Reichhold, Inc., Andover, Massachusetts 







Subchronic Exposures Chronic Exposures Carcinogenic Exposures 








Soil Ingestion] Soil Dermal | Soil Ingestion} Soil Dermal | Soil Ingestion} Soil Dermal 











[2-Methylphenol 95-48-7 
4 ,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 534-52-1 
(Chloromethane 74-87-3 


[Trichlorofluoromethane 75-69-4 
Note: 
N/A - Not Available (no Oral SF value) 


RAFs were obtained from the Numerical Standards Spreadhseets (MADEP, Retrieved August 2012). If an RAF was not available in the Numerical Standards 
Spreadsheets, the default values were obtained from Appendix B-36 of the Guidance for Disposal Site Characterization (MADEP, 1995). 











Table C-2-1 
Calculation of Volatilization Factors 
Reichhold, Inc., Andover, Massachusetts 


Diffusivity Henry's Law Diffusivity Soil Organic Carbon Solubility Soil Water Apparent Volatilization 
in Air Constant in Water Partition Coeff. in Water Partition Coeff. Diffusivity Factor Reference 
Chemical (Di) (H’) (Dy) (Koc) (S) (Kg = Koc X Foc) (Da) (VF) 
(cm‘/s) (unitless) (cm‘Is) (cm*/g) (mg/L) (gicm”) (cm‘/s) (m“/kg) 


(Chloromethane 1.3E-01 3.6E-01 6.5E-06 2.1E+00 5.3E+03 1.3E-02 1.3E-02 1.0E+03 J&E Model 
Trichlorofluoromethane 8.7E-02 4.0E+00 9.7E-06 5.0E+02 1.1E+03 3.0E+00 4.8E-03 1.7E+03 J&E Model 


Volatilization factor (VF) = QIC, 1 * (3.14 * Dy * T)'? * 10% (m?/cm?) 
(m*/kg) 2* th* Da 


Apparent Diffusivity (Da) = ((Q,'° *D,*H' + Q,'°3 * Dy)/n?] 
(cm*/s) (t)* Kg + Qy + Q,*H’) 





Parameters Values 


QIC,,; - Inverse of the geometric mean air concentration to the volatilization 65.36 
flux at the center of a 0.5 acre-square source (g/m?-s per kg/m*) 

T - Exposure interval(s) 9.5E+08 
tT) - Soil bulk density (g/cm*) 1.5 
Q, - Air-filled soil porosity (Lai/Lsoi) = N - Qu 0.28 

n - Total soil porosity (Lpore/Lsoit) = 1 - (tp/ts) 0.43 
Q,, - Water-filled soil porosity (Lyate/Lgoi) 0.15 
r, - Soil particle density (g/cm*) 2.65 





f,. - fraction organic carbon in soil (g/g) 0.006 


Note: 
Q/C value for 0.5 acre source area in Zone 8, Hartford, Connecticut, from the Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites, OSWER 9355.4-24 (EPA, 2002). 


SSL = Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites, OSWER 9355.4-24 (EPA, 2002). Chemical and physical properties from Exhibit C-1. 
J&E Model = Johnson and Ettinger Model (USEPA, 2004). Chemical and physical properties from Johnson and Ettinger Model Vilookup Spreadsheet. 


Table C-3-1 
Future Land Use Scenario - Industrial Worker 
Incidental Soil Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 








Average Conc. RAF Exposure Factor ADD RfD oral Hazard 
Parameter (mg/kg (ppm)) (unitless) (kg/kg-day) (mg/kg-day) (mg/kg-day) Quotient 
1,2,4-Trimethylbenzene 1.1E+01 9.9E-01 9.7E-08 1.1E-06 N/A N/A 
-Butanone 9.8E-08 1.6E-09 6.0E-0 2.6E-09 
9.2E-0 1.0E+00 9.8E-08 9.0E-08 9.0E-0 1.0E-07 
enzene 9.8E-08 1.6E-10 4.0E-03 3.9E-08 
9.2E-0 1.0E+00 9.8E-08 9.0E-08 .0E-0 9.0E-07 
9.7E-08 1.0E-08 0E-0 1.0E-07 
1.4E+00 9.9E-01 9.7E-08 1.4E-07 5.0E-02 2.7E-06 
3.7E-0 9.9E-01 9.7E-08 3.6E-08 .0E-0 3.6E-07 
1.1E+00 3.6E-01 3.5E-08 3.9E-08 2.0E-02 2.0E-06 
9E-0 .0E+00 9.8E-08 1.8E-08 .OE-0 1.8E-07 
7.1E-0 .OE+00 9.8E-08 7.0E-08 6.0E-03 1.2E-05 
1.4E+00 .0E+00 9.8E-08 1.3E-07 .0E-0 6.6E-07 
9.7E-08 1.0-08 0E-0 1.0E-07 
9.8E-08 6.6E-07 2.0E-0 3.3E-06 
9.8E-08 5.6E-09 8.0E-02 7.0E-08 
9.8E-08 1.2E-07 2.0E-0 5.9E-07 
9.8E-08 2.0E-07 2.0E-02 1.0E-05 
8.9E-08 8.2E-08 5.0E-02 1.6E-06 
henol 9.8E-08 1.0E-07 3.0E-0 3.4E-07 
9.8E-08 2.6E-08 2.0E-02 1.3E-06 
2.6E+01 .0E+00 9.8E-08 2.5E-06 2.0E-0 1.3E-05 
9.8E-08 3.1E-06 1.0E-03 3.1E-03 
3.8E-08 8.6E-07 4.0E-02 2.1E-05 
3.8E-08 3.9E-04 7.0E-0 5.6E-04 
4.9E-08 3.5E-06 7.5E-04 476-03 
ilver 9.8E-08 2.8E-08 5.0E-03 5.6E-06 
inc 9.8E-08 2.1E-04 3.0E-0 6.9E-04 
9.7E-08 9.5E-08 5.0E-02 1.9-06 
9.7E-08 3.9E-07 8.0E-05 4.8E-03 
9.7E-08 9.5E-10 NIA N/A 
Trichlorofluoromethane 








Ny 
































EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED)/ (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Time (ET) 8 (hours/day) Hazard Quotient (HQ) = ADD / RfD 

Exposure Frequency (EF) 150 (days/year) Hazard Index (HI) = Sum of HQs 

Exposure Duration (ED) 27 (years) 

Body Weight (BW) 70 (kg) RfD = Reference Dose 


Averaging Time (AT) 9,855 (days) 


Table C-3-2 
Future Land Use Scenario - Industrial Worker 
Incidental Soil Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 8 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Frequency (EF) 150 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 27 (years) 

Body Weight (BW) 70 (kg) SF = Slope Factor 


Averaging Time (AT) 27,375 (days) 


Table C-3-3 
Future Land Use Scenario - Industrial Worker 
Soil Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3411 (cm”) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.03 (mg/cm?-day) EQUATION FOR HAZARD QUOTIENT (HQ) 

Relative Absorption Factor (RAF) chemical-specific (unitless) Hazard Quotient (HQ) = ADD / RfD 

Exposure Time (ET) 8 (hours/day) Hazard Index (HI) = Sum of HQs 

Exposure Frequency (EF) 150 (days/year) 

Exposure Duration (ED) 27 (years) RfD = Reference Dose 

Body Weight (BW) 70 (kg) 


Averaging Time (AT) 9,855 (days) 


Table C-3-4 
Future Land Use Scenario - Industrial Worker 
Soil Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3411 (cm’) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.03 (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Time (ET) 8 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 150 (days/year) 

Exposure Duration (ED) 27 (years) SF = Slope Factor 

Body Weight (BW) 70 (kg) 


Averaging Time (AT) 27,375 (days) 


Table C-3-5 
Future Land Use Scenario - Industrial Worker 
Inhalation of Airborne Particulates and Volatiles from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor Hazard 
Parameter (mg/kg (ppm)) (m*/kg) (mg/m*) (unitless) Quotient 
1,2,4-Trimethylbenzene 1.1E+01 1.2E+04 8.4E-05 1.4E-01 1.6E-03 
1,3,5-Trimethylbenzene 4.7E+00 1.2E+04 8.1E-05 1.4E-01 N/A 

1.3E+04 5.0E+00 
1.2E+04 8.0E-01 
2.6E+03 3.0E-02 
Ethylbenzene 5.1E+03 1.0E+00 
lsopropylbenzene 1.1E-01 1.0E+03 
in-Butylbenzene 1.4E+00 7.7E+03 
3.7E-01 6.0E+03 1.0E+00 
Naphthalene 1.1E+00 5.2E+04 3.0E-03 
Methyl tert butyl ether 3.9E+03 3.0E+00 
Methylene chloride 2.3E+03 6.0E-01 
lo-Xylene 1.4E+00 5.8E+03 





























p-lsopropyltoluene 1.0E-01 1.0E+03 


6.7E+00 5.2E+03 1.0E-01 
5.7E-02 3.7E+03 5.0E+00 
1.2E+00 5.2E+03 
2.0E+00 N/A 

9.2E-01 
1.0E+00 
2.6E-01 
2.6E+01 
3.1E+01 
2.2E+01 
1.0E+04 
7.2E+01 
2.9E-01 
2.1E+03 
9.8E-01 
4.0E+00 


























1.0E+03 
Trichlorofluoromethane 1.7E+03 
































EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m?) Conc. in Air = Conc. in Soil * [PA * CF1+1/(VF)] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 150 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 27 (years) 

Averaging Time (AT) 9,855 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


Table C-3-6 
Future Land Use Scenario - Industrial Worker 
Inhalation of Airborne Particulates and Volatiles from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor Unit Risk Cancer Risk 
Parameter (mg/kg (ppm)) (m*/kg) (mg/m*) (unitless) (mgim*y" 
1,2,4-Trimethylbenzene 1.1E+01 1.2E+04 8.4E-05 4.9E-02 N/A N/A 
1,3,5-Trimethylbenzene 4.7E+00 1.2E+04 8.1E-05 4.9E-02 N/A N/A 
1.3E+04 
1.2E+04 
2.6E+03 
Ethylbenzene 5.1E+03 
lsopropylbenzene 1.1E-01 1.0E+03 
in-Butylbenzene 1.4E+00 7.7E+03 
3.7E-01 6.0E+03 
Naphthalene 1.1E+00 5.2E+04 
Methyl tert butyl ether 3.9E+03 
Methylene chloride 2.3E+03 
lo-Xylene 1.4E+00 5.8E+03 





























p-lsopropyltoluene 1.0E-01 1.0E+03 


6.7E+00 5.2E+03 
5.7E-02 3.7E+03 
1.2E+00 5.2E+03 
2.0E+00 N/A 

9.2E-01 
1.0E+00 
2.6E-01 
2.6E+01 
3.1E+01 
2.2E+01 
1.0E+04 
7.2E+01 
2.9E-01 
2.1E+03 
9.8E-01 
4.0E+00 


























1.0E+03 
Trichlorofluoromethane 1.7E+03 
































EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m?) Conc. in Air = Conc. in Soil * [PA * CF1 + 1/(VF)] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 150 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 27 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 


Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 


Table C-4-1 
Future Land Use Scenario - Construction Worker 
Incidental Soil Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 


Hazard Index 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 100 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Time (ET) 8 (hours/day) Hazard Quotient (HQ) = ADD / RfD 

Exposure Frequency (EF) 130 (days/year) Hazard Index (HI) = Sum of HQs 

Exposure Duration (ED) 1 (years) 

Body Weight (BW) 58 (kg) RfD = Reference Dose 


Averaging Time (AT) 182 (days) 


Table C-4-2 
Future Land Use Scenario - Construction Worker 
Incidental Soil Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 100 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 8 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 

Exposure Frequency (EF) 130 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 1 (years) 

Body Weight (BW) 58 (kg) SF = Slope Factor 


Averaging Time (AT) 27,375 (days) 


Table C-4-3 
Future Land Use Scenario - Construction Worker 
Soil Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 
2-Butanone Tt OT | 0E-O1 | te-o7 T4306 | 2.0E+00 | 2.2E-06 
acetone CT EHOO E01 | te-o7 | 3.6E-06 | 1.0400 | 36-06 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 3473 (cm?) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.29 (mg/cm*-day) EQUATION FOR HAZARD QUOTIENT (HQ) 

Relative Absorption Factor (RAF) chemical-specific (unitless) Hazard Quotient (HQ) = ADD / RfD 

Exposure Time (ET) 8 (hours/day) Hazard Index (HI) = Sum of HQs 

Exposure Frequency (EF) 130 (days/year) 

Exposure Duration (ED) 4 (years) RfD = Reference Dose 

Body Weight (BW) 58 (kg) 


Averaging Time (AT) 182 (days) 
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,2,4-Trimethylbenzene 
,2-Dichlorobenzene 
,3,0-Trimethylbenzene 
,4-Dichlorobenzene 
-Butanone 
-Methyl-2-pentanone 
Acetone 
enzene 
Carbon disulfide 
Chlorobenzene 
‘thylbenzene 
sopropylbenzene 
n-Butylbenzene 
n-Propylbenzene 
japhthalene 
Methyl tert butyl ether 
Methylene chloride 
lo-Xylene 
-lsopropyltoluene 
/m-Xylene 
sec-Butylbenzene 
ityrene 
oluene 
otal Xylenes 
,4-Dimethylphenol 
-Methylphenol/4-Methylphenol 
henol 
-Methylnaphthalene 
is(2-Ethylhexyl)phthalate 
Dibenzofuran 
henanthrene 
Arsenic 
arium 
Cadmium 
‘Chromium 
Copper 
ron 
ead 
ilver 
inc 
-Methylphenol 


[1.2-Dichlorobenzene | 2.3E+00__ 
[1.3,5-Trimethylbenzene__ | 4.E+01 
[1.4-Dichlorobenzene | SE+00__ 
2-Butanone TOE HOT 
4-Methyl-2-pentanone | 8. 4E+00_ 
Benzene 8 9E-OT 
Ethylbenzene T6201 
lsopropylbenzene | 9E+00_ 
Naphthalene SEO 
p-Isopropyitoluene | E+OO 
pim-xylene TET 
styrene EXO 
fouene TT 9E+OO 
Total Xylenes 1 2E+02 
2.4-Dimethylphenol_ | 4 2E-01 
3-Methylphenol/4-Methylphenol__|___9.2E-01__| 
Phenol EON 
2-Methyinaphthalene |. 2E+00 
bis(2-Ethylhexyl)phthalate | 2.8E-01 
Phenanthrene | E-OT 
Barium 22 
ron 9 SES 
lead EHO 
silver 0-0 
Zing | EHOZ 
2-Methyiphenol | 9 3E-OT 





EXPOSURE ASSUMPTIONS 
Skin Surface Area (SA) 
Conversion Factor 1 (CF1) 
Conversion Factor 2 (CF2) 
Soil Adherence Factor (AF) 
Relative Absorption Factor (RAF) 
Exposure Time (ET) 
Exposure Frequency (EF) 
Exposure Duration (ED) 
Body Weight (BW) 
Averaging Time (AT) 


Table C-4-4 
Future Land Use Scenario - Construction Worker 
Soil Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 
Exposure Factor SF oral 


Average Conc. RAF ADD Cancer Risk 
(mg/kg (ppm)) (unitless) (kg/kg-day) (mg/kg-day) (mg/kg-day)-1 


2.3€+00 
4.6E+01 
'3E+00 
oe+01| NA | _NA | _NA | _NA NIA 
[wa |__NA___| 
[_wa__| _NIA 


N. 
8.4E+00 | NA TNA 

N 
-5E+00 N. 
-8E+00 N. 
6.2E+01 N. 
-9E+00 
-OE+01 
4.1E+00 
9.5E+00 
1.1E+00 
5.1E+00 
-1E+01 
-7E+00 
.2E+01 
.2E+00 
5.6E+00 
-9E+00 
.2E+02 
4.2E-01 
9.2E-01 
-3E+01 
.2E+00 
2.8E-01 
3.0E-01 
6.1E-01 
7.8E+00 
2.2E+01 
2.9E+00 
1.7E+01 
2.0E+01 
9.5E+03 
2.3E+01 
3.0E-01 
5.7E+02 
9.3E-01 
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N/A /A 
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N/A /A 
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/A 
/A 
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PNA TNA NAT NANA 
PAA NA NA SNA = A 
PNA TNA NAT NANA 
PNA NANA NANA 
PNA NANA NANA 
PNA NANA NANA 
PNA TNA NAT NANA 
PNA TNA NANA TNA 


EQUATION FOR AVERAGE DAILY DOSE (ADD) 


3473 (cm’) ADD = (Conc. * Exposure Factor) 
1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
0.042 (day/hour) 
0.29  (mg/cm?-day) EQUATION FOR CANCER RISK 
chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
8 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 
130 (days/year) 
1 (years) SF = Slope Factor 
58 (kg) 
27,375 (days) 


Table C-4-5 
Future Land Use Scenario - Construction Worker 
Ingestion of Inhaled Particulates from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Conc. in Air Exposure Factor ADDinhat-ci RfD oral Hazard 
inom) [tors | may 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
PM-10 0.06 (mg/m”) Conc. in Air = Conc. in Soil * 1.5 * PM-10 *CF1 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 = (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Relative Absorption Factor (RAF) chemical-specific (unitless) ADDinhal-ci =(Conc. in Air * Exposure Factor) 
Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)} 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8 (hours/event) 

Exposure Period (EP) 130 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 
Body Weight (BW) 58 (kg) Hazard Index (HI) = Sum of HQs 

Averaging Time (AT) 182 (days) 


RfD = Reference Dose 


Table C-4-6 
Future Land Use Scenario - Construction Worker 
Ingestion of Inhaled Particulates from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Conc. in Air Exposure Factor ADDinhat-ci SF oral Cancer Risk 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

PM-10 0.06 (mg/m*) Conc. in Air = Conc. in Soil * 1.5 * PM-10 *CF1 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Relative Absorption Factor (RAF) chemical-specific (unitless) ADDinhal-ci =(Conc. in Air * Exposure Factor) 

Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8 (hours/event) EQUATION FOR CANCER RISK 

Exposure Period (EP) 130 (days) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Body Weight (BW) 58 (kg) Cancer Risk = Sum of Incremental Cancer Risks 

Averaging Time (AT) 27,375 (days) 


SF = Slope Factor 


Table C-4-7 
Future Land Use Scenario - Construction Worker 
Inhalation of Airborne Particulates from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Conc. in Air Exposure Factor ADDinhal RFDinhat Hazard 
Parameter (mg/kg (ppm)) (unitless) (mg/m?) (m*/kg-day) (mg/kg/day) (mg/kg/day) Quotient 
1,2,4-Trimethylbenzene 1.4E+02 1.0E+00 al H 2.0E-03 7.3E-04 
1,2-Dichlorobenzene 2.3E+00 1.0E+00 

















[Acetone 





Benzene 


Ethylbenzene 
n-Butylbenzene 
Naphthalene 
Methylene chloride 




















p-lsopropyltoluene 
isec-Butylbenzene 














bis(2-Ethylhexyl)phthalate 
Dibenzofuran 




















2-Methylphenol 





Hazard Index 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
Airborne Particulate Concentration (PA) 0.06 (mg/m*) Conc. in Air = Conc. in Soil * 0.5 * PM-10 *CF1 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m*/hr-!) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Relative Absorption Factor (RAF) chemical-specific (unitless) ADDinhai =(Conc. in Air * Exposure Factor) 
Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8  (hours/event) TOXICITY VALUE CONVERSION 

Exposure Period (EP) 130 (days) RfDinhai = [ RFC *INH (20 m*/day) ]/ BW (70 kg) 
Body Weight (BW) 58 (kg) 

Averaging Time (AT) 182 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 


Table C-4-8 
Future Land Use Scenario - Construction Worker 
Inhalation of Airborne Particulates from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Conc. in Air Exposure Factor ADDinhal Unit Risk CS$Finhat Cancer Risk 
Parameter (mg/kg (ppm)) (unitless) (mg/m?) (m*/kg-day) (mg/kg/day) (mg/m*)" (mg/kg-d)-1 
1,2,4-Trimethylbenzene 1.4E+02 1.0E+00 k N/A N/A N/A 
1,2-Dichlorobenzene 2.3E+00 1.0E+00 

















[Acetone 





Benzene 


Ethylbenzene 
n-Butylbenzene 


Methylene chloride 
lo-Xylene 




















p-lsopropyltoluene 
p/m-Xylene 














1.0E+00 
bis(2-Ethylhexyl)phthalate x 1.0E+00 
Dibenzofuran 








1.5E+01 
N/A 
1.0E+00 z ‘ a 1.8E+00 6.3E+00 
1.0E+00 E 1.2E+01 4.2E+01 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 




















EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
Airborne Particulate Concentration (PA) 0.06 (mgim*) Conc. in Air = Conc. in Soil * 0.5 * PM-10 *CF1 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Relative Absorption Factor (RAF) chemical-specific (unitless) ADDinhai =(Conc. in Air * Exposure Factor) 
Inhalation Rate (Inh) 60 (l/min) Exposure Factor = [(INH * RAF * EF * ED * EP * CF3) / (BW * AT)] 
Number of Exposure Event (EF) 1 (event/day) 

Exposure Duration (ED) 8  (hours/event) TOXICITY VALUE CONVERSION 

Exposure Period (EP) 130 (days) CSFinhal = [CSForai * BW (70 kg)] / INH (20 m“/day) 
Body Weight (BW) 58 (kg) 

Averaging Time (AT) 27,375 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 


Table C-4-9 
Future Land Use Scenario - Construction Worker 
Inhalation of Airborne Volatiles from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADDinhal RfC Hazard 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 
Airborne Particulate Concentration (PA) 0.06 (mg/m”) Conc. in Air = Conc. in Soil / VF 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 3 (CF3) 0.060 = (min-m*/hr-l) EQUATION FOR AVERAGE DAILY DOSE (ADD) 
Conversion Factor 2 (CF2) 0.042 (day/hour) ADDinnai =(Conc. in Air * Exposure Factor) 
Exposure Time (ET) 8 (hours/day) Exposure Factor = [(ET * EF * CF2) / AT] 
Exposure Frequency (EF) 130 (days/year) 

Exposure Duration (ED) 1 (years) EQUATION FOR HAZARD QUOTIENT (HQ) 
Averaging Time (AT) 182 (days) Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


Table C-4-10 
Future Land Use Scenario - Construction Worker 
Inhalation of Airborne Volatiles from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADDinhal Unit Risk Cancer Risk 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.06 (mgim*) Conc. in Air = Conc. in Soil / VF 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 8 (hours/day) ADDinhai =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 130 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 1 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 


Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 


Table C-5-1 
Future Land Use Scenario - Recreational Adult 
Incidental Soil Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 
ing oo) 


Hazard Index 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED)/ (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Time (ET) 3 (hours/day) Hazard Quotient (HQ) = ADD / RfD 

Exposure Frequency (EF) 91 (days/year) Hazard Index (HI) = Sum of HQs 

Exposure Duration (ED) 30 (years) 

Body Weight (BW) 70 (kg) RfD = Reference Dose 


Averaging Time (AT) 10,950 (days) 


Table C-5-2 
Future Land Use Scenario - Recreational Adult 
Incidental Soil Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 








Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
Parameter (mg/kg (ppm)) (unitless) (kg/kg-day) (mg/kg-day) (mg/kg-d)-1 
1,2,4-Trimethylbenzene 1.1E+01 N/A N/A N/A 
[1,3,5-Trimethylbenzene | EHO OT NANA N/A N 
-Butanone EOD N/A N 
Acetone OTN NA N/A N 
146-41 5.5E-02 
thylbenzene 9.2E-0 N/A N/A 


N/A N/A N/A 








/A 
/A 
/A 


lsopropylbenzene -1E-0 


n-Propylbenzene 3.7E-0 N/A N/A N/A 


N/A N/A 
N/A N/A 
6.3E-09 2.0E-03 
xylene EOD NANA N/A N/A 
p-lsopropyltoluene .OE-0 [ NA [| NA | N/A NIA NIA 
pim-xylene EHO NANA N/A N/A 
rowene EOD NANA N/A N/A N/A 
[NAT NA 
[NAT NA 
PNA TNA 
[NAT NA 


NIA NIA 
NIA N/A 
NIA NIA 
N/A NIA 
NIA NIA 
NIA NIA 
N/A N/A 
NIA N/A 
NIA N/A 
NIA NIA 
NIA NIA 
NIA N/A 
N/A NIA 
NIA N/A 
Total Xylenes 1.2E+00 N/A NIA N/A N/A 
N/A NIA 
NIA NIA 
NIA NIA 
NIA N/A 
NIA NIA 
NIA N/A 
N/A N/A 
NIA NIA 
N/A NIA 
N/A NIA 
NIA NIA 
NIA N/A 
NIA NIA 
N/A N/A 


n-Butylbenzene 14E+00 | NA TNA N/A N/A 








2,4-Dimethylphenol 2.0E+00 N/A N/A N/A 


N/A N/A 
N/A N/A N/A 
2.4€-09 446-02 
Baum OT NANA N/A NIA 
[Cadmium eon NANA N/A N/A 
[Copper OTA NA N/A N/A 
ron OA NANA N/A N/A N/A 
ead eon NANA N/A N/A 

PNA TNA 

PNA TNA 

PNA TNA 

PNA TNA 

PNA TNA 





ilver 2.9E-01 N/A N/A N/A 


inc 2.1E+03 N/A NIA 


-Methylphenol 9.8E-01 N/A N/A N/A 


4,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) N/A N/A 


Chloromethane 9.8E-03 N/A N/A N/A 


Trichlorofluoromethane 3.6E-03 [ NA [| NA | NIA NIA N/A 


Cancer Risk 














EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 3 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Frequency (EF) 91 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 30 (years) 

Body Weight (BW) 70 (kg) SF = Slope Factor 


Averaging Time (AT) 27,375 (days) 


Table C-5-3 
Future Land Use Scenario - Recreational Adult 
Soil Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 








Parameter 


Average Conc. 
(mg/kg (ppm)) 


RAF 
(unitless) 


Exposure Factor 
(kg/kg-day) 


ADD 
(mg/kg-day) 


RfD oral 
(mg/kg-day) 


Hazard 
Quotient 








1,2,4-Trimethylbenzene 


1.1E+01 


1.1E-01 


2.0E-08 


2.2E-07 


N/A 


N/A 


4.7E+00 1.1E-01 2.0E-08 9.2E-08 -OE-02 9.2E-06 


,3,5-Trimethylbenzene 


-Butanone 
cetone 
enzene 
thylbenzene 
lsopropylbenzene 
in-Butylbenzene 
In-Propylbenzene 
aphthalene 
Methyl tert butyl ether 
Methylene chloride 
io-Xylene 
-Isopropyltoluene 
/m-Xylene 
oluene 
otal Xylenes 
,4-Dimethylphenol 
-Methylphenol/4-Methylphenol 
henol 
is(2-Ethylhexyl)phthalate 
arium 
Cadmium 
Copper 
ron 


ilver 

inc 

-Methylphenol 

,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 
Chloromethane 

tichlorofluoromethane 


Hazard Index 


EXPOSURE ASSUMPTIONS 


.6E-02 1.0E-01 1.8E-08 2.9E-10 


9.2E-0 


1.0E-01 


1.8E-08 1.7E-08 


.6E-03 8.0E-02 1.4E-08 2.3E-11 


9.2E-0 


1.4E+00 
3.7E-0 
1.1E+00 


.9E-0 1.0E-01 1.8E-08 3.4E-09 .OE-0 3.4E-08 


7.1E-0 
1.4E+00 








2.0E-01 


1.1E-01 
1.1E-01 
1.0E-01 


1.0E-01 
1.2E-01 


3.6E-08 3.3E-08 -OE-0 3.3E-07 
-1E-0 1.1E-01 2.0E-08 2.1E-09 -OE-0 2.1E-08 


2.0E-08 2.8E-08 


2.0E-08 7.4E-09 -OE-0 7.4E-08 


1.8E-08 2.0E-08 


1.8E-08 1.3E-08 
2.2E-08 2.9E-08 


6.0E-0 


9.0E-0 


4.0E-03 


5.0E-02 


2.0E-02 


6.0E-03 
2.0E-0 


4.8E-10 


1.8E-08 


5.8E-09 


5.5E-07 


1.0E-06 


2.1E-06 
1.5E-07 





-OE-0 1.1E-01 2.0E-08 2.1E-09 -OE-0 2.1E-08 


N/A N/A 

















EQUATION FOR AVERAGE DAILY DOSE (ADD) 


Skin Surface Area (SA) 5781 (cm*) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED)/ (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.07 (mg/cm?-day) EQUATION FOR HAZARD QUOTIENT (HQ) 

Relative Absorption Factor (RAF) chemical-specific (unitless) Hazard Quotient (HQ) = ADD / RfD 

Exposure Time (ET) 3 (hours/day) Hazard Index (HI) = Sum of HQs 

Exposure Frequency (EF) 91 (days/year) 

Exposure Duration (ED) 30 (years) RfD = Reference Dose 

Body Weight (BW) 70 (kg) 

Averaging Time (AT) 10,950 (days) 


Table C-5-4 
Future Land Use Scenario - Recreational Adult 
Soil Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 








Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 

Parameter (mg/kg (ppm)) (unitless) (kg/kg-day) (mg/kg-day) (mg/kg-day)-1 

1,2,4-Trimethylbenzene 1.1E+01 N/A N/A N/A 

/A iA Po NAT NANA 
-Butanone 1.6E-02 NIA N/A Po NAT NANA 

NIA N/A Po NAT NANA 

8.0E-02 5.8E-09 
thylbenzene 9.2E-01 NIA N/A 


lsopropylbenzene 1.1E-01 N/A N/A N/A 


n-Butylbenzene 4E+00 NIA N/A PNA NANA 








ee 
= 


n-Propylbenzene 3.7E-01 N/A N/A N/A 


/A /A 
/A A 
1.0E-01 7.2E-09 
NIA /A PNA NANA 
p-Isopropyltoluene 1.0E-01 N/A N/A PNA NANA 
NIA N/A PNA NANA 
N/A N/A PNA NANA 
PNA NANA 
PNA NANA 
PNA NANA 
PNA OT NANA 


N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
Total Xylenes .2E+00 N/A N/A N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 


yrs 
4 


= 


at 


2,4-Dimethylphenol 2.0E+00 N/A N/A 


3-Methylphenol/4-Methylphenol 9.2E-01 N/A N/A 








N/A N/A 
2.0E-02 146-09 
NIA 
/A 
N/A N/A 
N/A N/A 


/A /A 
/A 


/A 


QA 
=. 


rs 
Pa = 


inc 2.1E+03 N/A N/A 
2-Methylphenol 9.8E-01 N/A N/A 
4,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) N/A N/A 


Chloromethane 9.8E-03 N/A N/A 


Trichlorofluoromethane 3.6E-03 NIA N/A [ NA | NA | 


Cancer Risk 











PNA NANA 
PNA NANA 
PNA NANA 
PNA NANA 
PNA NANA 
iver 2.9E-01 NIA N/A PNA NANA 
PNA NANA 
PNA NANA 
PNA NANA 
PNA NANA 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Skin Surface Area (SA) 5781 (cm*) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.07 (mg/cm?-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 

Exposure Time (ET) 3 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 91 (days/year) 

Exposure Duration (ED) 30 (years) SF = Slope Factor 

Body Weight (BW) 70 (kg) 


Averaging Time (AT) 27,375 (days) 


Table C-5-5 
Future Land Use Scenario - Recreational Adult 
Inhalation of Airborne Particulates and Volatiles from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor Hazard 


Parameter (mg/kg (ppm)) (m*/kg) (mg/m*) (unitless) Quotient 
1,2,4-Trimethylbenzene 1.1E+01 1.2E+04 8.4E-05 3.1E-02 3.7E-04 
1,3,5-Trimethylbenzene 4.7E+00 1.2E+04 8.1E-05 3.1E-02 N/A 

1.3E+04 5.0E+00 
1.2E+04 8.0E-01 
2.6E+03 3.0E-02 
Ethylbenzene 5.1E+03 1.0E+00 
lsopropylbenzene 1.1E-01 1.0E+03 
in-Butylbenzene 1.4E+00 7.7E+03 
3.7E-01 6.0E+03 1.0E+00 
Naphthalene 1.1E+00 5.2E+04 3.0E-03 
Methyl tert butyl ether 3.9E+03 3.0E+00 
Methylene chloride 2.3E+03 6.0E-01 
lo-Xylene 1.4E+00 5.8E+03 
p-lsopropyltoluene 1.0E-01 1.0E+03 
6.7E+00 5.2E+03 1.0E-01 
5.7E-02 3.7E+03 5.0E+00 
1.2E+00 5.2E+03 
2.0E+00 N/A 

9.2E-01 
1.0E+00 
2.6E-01 
2.6E+01 
3.1E+01 
2.2E+01 
1.0E+04 
7.2E+01 
2.9E-01 
2.1E+03 
9.8E-01 
4.0E+00 





















































1.0E+03 
Trichlorofluoromethane 1.7E+03 
































EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m?) Conc. in Air = Conc. in Soil * [PA * CF1+1/(VF)] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 3 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 91 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 30 (years) 

Averaging Time (AT) 10,950 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


Table C-5-6 
Future Land Use Scenario - Recreational Adult 
Inhalation of Airborne Particulates and Volatiles from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADE Unit Risk Cancer Risk 
panne | trptggamy | ern | rom) | tess | rom | mom | 


Cancer Risk 








EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m*) Conc. in Air = Conc. in Soil * [PA * CF1 + 1/ (VF) ] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 3 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 91 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 30 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 


Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 


Table C-6-1 
Future Land Use Scenario - Recreational Youth 
Incidental Soil Ingestion: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD RfD oral Hazard 
bis(2-Ethylhexyphthalate 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR HAZARD QUOTIENT (HQ) 

Exposure Time (ET) 3 (hours/day) Hazard Quotient (HQ) = ADD / RfD 

Exposure Frequency (EF) 91 (days/year) Hazard Index (HI) = Sum of HQs 

Exposure Duration (ED) 11 (years) 

Body Weight (BW) 43 (kg) RfD = Reference Dose 


Averaging Time (AT) 4,015 (days) 


Table C-6-2 
Future Land Use Scenario - Recreational Youth 
Incidental Soil Ingestion: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 
parame | ergo) | cites) | tate) | mona | ergs |_| 
bis(2-Ethylhexy phthalate 





EXPOSURE ASSUMPTIONS EQUATION FOR AVERAGE DAILY DOSE (ADD) 

Soil Ingestion Rate (IR) 50 (mg/day) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(IR * CF1 * CF2 * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Relative Absorption Factor (RAF) chemical-specific (unitless) EQUATION FOR CANCER RISK 

Exposure Time (ET) 3 (hours/day) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 
Exposure Frequency (EF) 91 (days/year) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Duration (ED) 11 (years) 

Body Weight (BW) 43 (kg) SF = Slope Factor 


Averaging Time (AT) 27,375 (days) 


Future Land Use Scenario - Recreational Youth 


Table C-6-3 


Soil Dermal Contact: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 








Average Conc. 
(mg/kg (ppm)) 


RAF 
(unitless) 


Exposure Factor 
(kg/kg-day) 


ADD 
(mg/kg-day) 


RfD oral 
(mg/kg-day) 


Hazard 
Quotient 








,3,5-Trimethylbenzene 4.7E+00 .1E-0 1.3E-07 
-Butanone 1.6E-02 .0E-0 1.2E-07 
cetone 9.2E-01 OE-0 1.2E-07 


1.1E+01 


.1E-0 


1.3E-07 


-4E-06 
6.0E-07 
.9E-09 
-1E-07 


N/A 
1.0E-02 
6.0E-01 
9.0E-01 
4.0E-03 


N/A 


5E-10 
216-07 1.0E-01 
4E-08 1.0E-01 
8E-07 5.0E-02 
486-08 1.0E-01 


3E-07 2.0E-02 
226-08 1.0E-01 
8.3E-08 6.0E-03 
9E-07 2.0E-01 
3E-08 1.0E-01 
2.0E-01 
f 8.0E-02 
2.0E-01 
2.0E-02 
5.0E-02 
3.0E-01 
2.0E-02 


/m-Xylene 6.7E+00 2E-0 1.4E-07 9.4E-07 


8.0E-09 


oluene 5.7E-02 .2E-0 1.4E-07 


6.2E-07 


2 
-Methylphenol/4-Methylphenol 9.2E-01 7E-0 2.0E-07 .8E-07 
henol 0E+00 2.6E-0 3.0E-07 





3.2E-07 


is(2-Ethylhexyl)phthalate 2.6E-01 


arium 
Cadmium 


ilver 
inc 
-Methylphenol 


4 ,6-Dinitro-2-methylphenol (4,6-Dinitro-o-cresol) 


Chloromethane 


Trichlorofluoromethane 


EXPOSURE ASSUMPTIONS 





2.6E+01 
3.1E+01 


2.9E-01 
2.1E+03 
9.8E-01 
4.0E+00 





2.0E-02 2.3E-08 6.2E-09 
5 











otal Xylenes 2E+00 2E-0 1.4E-07 .7E-07 
.OE-02 5.8E-08 


,4-Dimethylphenol 2.0E+00 .6E-0 3.0E-07 


.5E-06 
5.1E-06 
7.9E-07 
3.6E-04 
5.0E-07 
8.4E-08 
5.0E-05 
1.3E-07 
5.1E-07 
1.3E-09 
4.6E-10 





2.0E-01 
1.0E-03 
4.0E-02 
7.0E-01 
7.5E-04 
5.0E-03 
3.0E-01 
5.0E-02 
8.0E-05 
N/A 
3.0E-01 





EQUATION FOR AVERAGE DAILY DOSE (ADD) 


Skin Surface Area (SA) 4600 (cm*) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED) / (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.35 (mg/cm?-day) EQUATION FOR HAZARD QUOTIENT (HQ) 

Relative Absorption Factor (RAF) chemical-specific (unitless) Hazard Quotient (HQ) = ADD / RfD 

Exposure Time (ET) 3 (hours/day) Hazard Index (HI) = Sum of HQs 

Exposure Frequency (EF) 91 (days/year) 

Exposure Duration (ED) 11 (years) RfD = Reference Dose 

Body Weight (BW) 43 (kg) 

Averaging Time (AT) 4,015 (days) 


Table C-6-4 
Future Land Use Scenario - Recreational Youth 
Soil Dermal Contact: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 








Average Conc. RAF Exposure Factor ADD SF oral Cancer Risk 


Parameter 


(mg/kg (ppm)) 


(unitless) 


(kg/kg-day) 


(mg/kg-day) 


(mg/kg-day)-1 








1,2,4-Trimethylbenzene 


1,3,5-Trimethylbenzene 


1.1E+01 
4.7E+00 


| 
> 
> 


N/A 
/A 
N/A 


N/A 
Ni 
N/A 


N/A 
N. 
N/A 


8E-02 
2E-0 N/A 
6E-03 8.0E-02 1.4E-08 2.2E-11 
2E-0 N/A N/A N/A 

-1E-0 N/A N/A N/A 

4E+0 N/A NIA N/A 

3.7E-0 N/A N/A N/A 

1E+0 iA N N 
9E-0 N/A N N 
-1E-0 1.0E-01 1,7E-08 1.2E-08 
4E+0 A N N 
0E-0 N/A N/A N/A 
6.7E+00 N/A N/A N/A 
5.7E-02 N/A N/A N/A 
1.2E+00 N/A N/A N/A 
2.0+00 N/A N/A N/A 
9.2E-01 N/A N/A N/A 
1.0E+00 N/A N/A N/A 


N/A N/A 


5.5E-02 1.2E-12 


o 


o 


= 
3 


Oo 
z 
> 
> 


2.0E-03 2.4E-11 


~“ 


Oo 
z 
> 


> 
> 


> 








2.6E-01 2.0E-02 3.4€-09 9.0E-10 
2.6E+01 /A N N 
3.1E+01 /A N N 
2.2E+01 /A N N 
1.0E+04 N/A N/A N/A 
7.2E+01 N/A N/A N/A 
2.9-01 N/A N/A N/A 

inc 2.1E+03 N/A N/A N/A 
9.8E-01 N/A N/A N/A 
4.0E+00 N/A NIA N/A 
9.8E-03 N/A N/A N/A 


Trichlorofluoromethane 3.6E-03 N/A N/A N/A 


z 
> 
> 


z 
> 


> 
B/S|> 











N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 
N/A N/A 


Cancer Risk 


EXPOSURE ASSUMPTIONS 





EQUATION FOR AVERAGE DAILY DOSE (ADD) 


Skin Surface Area (SA) 4600 (cm*) ADD = (Conc. * Exposure Factor) 

Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) Exposure Factor = [(SA * CF1 * CF2 * AF * RAF * ET * EF * ED)/ (BW * AT)] 
Conversion Factor 2 (CF2) 0.042 (day/hour) 

Soil Adherence Factor (AF) 0.35 (mg/cm?*-day) EQUATION FOR CANCER RISK 

Relative Absorption Factor (RAF) chemical-specific (unitless) Incremental Cancer Risk = ADD * Cancer Slope Factor (oral) 

Exposure Time (ET) 3 (hours/day) Cancer Risk = Sum of Incremental Cancer Risks 

Exposure Frequency (EF) 91 (days/year) 

Exposure Duration (ED) 11 (years) SF = Slope Factor 

Body Weight (BW) 43 (kg) 

Averaging Time (AT) 27,375 (days) 


Table C-6-5 
Future Land Use Scenario - Recreational Youth 
Inhalation of Airborne Particulates and Volatiles from Soil: Hazard Index 
Reichhold, Inc., Andover, Massachusetts 


Average Conc. VF Conc. in Air Exposure Factor ADE RfC Hazard 


Hazard Index 





EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m?) Conc. in Air = Conc. in Soil *[ PA * CF1+1/(VF)] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 3 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 91 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 11 (years) 

Averaging Time (AT) 4,015 (days) EQUATION FOR HAZARD QUOTIENT (HQ) 


Hazard Quotient (HQ) = ADE / RfC 


Hazard Index (HI) = Sum of HQs 
RfC = Reference Concentration 
VF = Volatilization Factor 


Table C-6-6 
Future Land Use Scenario - Recreational Youth 
Inhalation of Airborne Particulates and Volatiles from Soil: Cancer Risk 
Reichhold, Inc., Andover, Massachusetts 


Average Conc VF Conc. Exposure Factor ADE Unit Risk Cancer Risk 











EXPOSURE ASSUMPTIONS EQUATION FOR CONCENTRATION IN AIR 

Airborne Particulate Concentration (PA) 0.032 (mg/m*~) Conc. in Air = Conc. in Soil * [PA * CF1 + 1/(VF)] 
Conversion Factor 1 (CF1) 1.0E-06 (kg/mg) 

Conversion Factor 2 (CF2) 0.042 (day/hour) EQUATION FOR AVERAGE DAILY EXPOSURE (ADE) 
Exposure Time (ET) 3 (hours/day) ADE =(Conc. in Air * Exposure Factor) 

Exposure Frequency (EF) 91 (days/year) Exposure Factor = [(ET * EF * ED * CF2) / AT] 

Exposure Duration (ED) 11 (years) 

Averaging Time (AT) 27,375 (days) EQUATION FOR RISK 


Incremental Cancer Risk = ADE * Unit Risk 


Cancer Risk = Sum of Incremental Cancer Risks 
VF = Volatilization Factor 


Attachment D — Notice of Activity and Use 
Limitation - Parcel | Former Manufacturing Area 





Massachusetts Department of Environmental Protection 
Bureau of Waste Site Cleanup BWSC113 


ACTIVITY & USE LIMITATION (AUL) TRANSMITTAL FORM ®elease Tracking Number 


Pursuant to 310 CMR 40.1056 & 40.1070 - 40.1084 (Subpart J) [3 | - 


A. DISPOSAL SITE LOCATION: 


1. Disposal Site Name: |REICHHOLD CHEMICALS INC FMR 
> Street Address: |77 LOWELL JUNCTION RD 
3. City/Town: ANDOVER 4. ZIP Code: |05544-0000 


5. Check here if a Tier Classification Submittal has been provided to DEP for this disposal site. 


| |] aTiert1A [| b. Tier1B [ ] c. Tier1C d. Tier 2 
6. Ifa Tier | Permit has been issued, provide Permit Number: fo 


B. THIS FORM IS BEING USED TO: (check one) 
1. Submit a certified copy of a Notice of Activity and Use Limitation, pursuant to 310 CMR 40.1074. 


OC 2. Submit an Evaluation of Changes in Land Uses/Activities and/or Site Conditions after a Response Action Outcome 
Statement has been filed pursuant to 310 CMR 40.1080. 


[] 3. Submit a certified copy of an Amended Notice of Activity and Use Limitation, pursuant to 310 CMR 40.1081 


4. Submit a certified copy of a Partial Termination of a Notice of Activity and Use Limitation, pursuant to 310 CMR 
40.1083(3). 


LJ 5. Submit a certified copy of a Termination of a Notice of Activity and Use Limitation, pursuant to 310 CMR 40.1083(1)(d). 


C] 6. Submit a certified copy of a Grant of Environmenial Restriction, pursuant to 310 CMR 40.1071. 
[| 7. Submit a certified copy of an Amendment of a Grant of Environmental Resiriction, pursuant to 310 CMR 40.1081(3). 
| 8. Submit a certified copy of a Partial Release of a Grant of Environmental Restriction, pursuant to 310 CMR 40.1083(2). 


[ | 9. Submit a certified copy of a Release of a Grant of Environmental Restriction, pursuant to 310 CMR 40.1083(1)(c). 


C] 10. Submit a certified copy of a Confirmatory Activity and Use Limitation, pursuant to 310 CMR 40.1085(4). 
11. Provide Additional RTNs: 


CJ a. Check here if this AUL Submittal covers additional Release Tracking Numbers (RTNs). 


b. Provide the additional Release Tracking Number(s) [ 7 [| L 7 [| 
covered by this AUL Submittal. 


(All sections of this transmittal form must be filled out unless otherwise noted above. 
BWSC113A is required for all submittals listed above) 
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Massachusetts Department of Environmental Protection 
Bureau of Waste Site Cleanup BWSC113 


ACTIVITY & USE LIMITATION (AUL) TRANSMITTAL FORM = 2¢lease Tracking Number 


Pursuant to 310 CMR 40.1056 & 40.1070 - 40.1084 (Subpart J) | . 


C. AUL INFORMATION: 


1. 


Document (per Section B) Recording and/or Registration Information: 


a. Name of Registry of Deeds and/or Land Registration Office: ESSEX COUNTY - NORTHERN DISTRICT 


b. Book and Page Number and/or Document Number: BOOK 13333 PAGE 27 
c. Date of recording and/or registration: 2/4/2013 


mm/dd/yyyy 
Is the address of the property subject to AUL different from the disposal site address listed above? 


a. No | |b. Yes If yes, then fill out address section below. 


. Street Address: 


. City/Town: — 5, ZIP Code: 


. PERSON SUBMITTING AUL TRANSMITTAL FORM: 


O c. change in the person 


. Check all that apply: [] a. change in contact name [| b. change of address undertaking response actions 


. Name of Organization: |REICHHOLD INC 


. Contact First Name: |JOHN 4. Last Name: |OLDHAM 
. Street: |PO BOX 13582 6. Title: | PROJECT MGR 


_ City/Town: [RESEARCH TRIANGLE PARK 8. State: 9. ZIP Code: |27709-3582 
10. Telephone: |(919) 990-7789 i1.ext:| | 42, Fax: 


13. Is the person described in this section the owner of the property? 


a. Yes C] b. No, if checked then Section G must be filled out by at least one owner. 


[| c. Check here if providing names and addresses of any additional owners in an attachment. 


E. RELATIONSHIP TO DISPOSAL SITE OF PERSON SUBMITTING AUL TRANSMITTAL FORM: (check one) 


1. RP or PRP a. Owner ima b. Operator C] c. Generator [| d. Transporter 
C] e. Other RP or PRP _ Specify: 


CJ 2. Fiduciary, Secured Lender or Municipality with Exempt Status (as defined by M.G.L. c. 21E, s. 2) 
LJ 3. Agency or Public Utility on a Right of Way (as defined by M.G.L. c. 21E, s. 5(j)) 


] 4. Any Other Person Submitting AUL Specify: 
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Massachusetts Department of Environmental Protection 
Bureau of Waste Site Cleanup BWSC113 


ACTIVITY & USE LIMITATION (AUL) TRANSMITTAL FORM Pelease Tracking Number 


Pursuant to 310 CMR 40.1056 & 40.1070 - 40.1084 (Subpart J) | 


F. REQUIRED ATTACHMENT AND SUBMITTALS: 


1. Check here to certify that notice of the proposed Activity and Use Limitation (AUL) was given to all record-interest holders, 
if any, in accordance with 310 CMR 40.1074(1)(e), via certified mail. 


[| a. Check here if there were no record interest holders. _b. Date of certified mailing: |12/19/2012 


mm/dd/yyyy 
c. Check here to certify that names and addresses of all record holders notified is attached. 


2. Check here to certify that within 30 days of recording and/or registering the AUL, including amending, releasing or 
terminating the AUL, a copy of the AUL was/will be provided to the Chief Municipal Officer, the Board of Health, the Zoning 
Official, and the Building Code Enforcement Official in the community(ies) where the the property subject to such Activity and 
Use Limitation is located. 


3. Check here to certify that within 30 days of recording and/or registering the AUL, including amending, releasing or 
terminating the AUL, a Legal Notice was/will be published in a newspaper with circulation in the community(ies) where the 
property subject to the AUL is located. 


4. Check here to certify that within 7 days of publishing a Legal Notice in anewspaper with circulation in the community(ies) 
where the property subject to the AUL is located, a copy of the notice was/will be submitted to DEP. 


5. Check here to certify that within 30 days of recording and/or registering the AUL, including amending, releasing or 
terminating the AUL, a certified copy of the AUL, including the LSP Opininon containing the material facts, data, and other 
information, will be submitted to DEP. 


6. Check here if any non-updatable information provided on this form is incorrect, e.g. Site Address/Location Aid. Send 
corrections to the DEP Regional Office. 


7. If an Evaluation of Changes in Land Uses/Activities and/or Site Conditions after a Response Action Outcome 
Statement is being submitted, check here to certify that the LSP Opinion containing the material facts, data, and other 
information is attached. 


G. CERTIFICATION OF OWNER OF PROPERTY, IF NOT PERSON SUBMITTING AUL TRANSMITTAL FORM: 


1.1, , attest under the pains and penalties of perjury that |am the owner of said 
property(ies), subject to the AUL 


aL 8g ates 


Signature mm/dd/yyyy 


4. Name of Organization: | 
5. Contact First Name: [ 6. Last Name: PO 
rset, [od ait: 

9. City/Town: a) 10. State: [| 11. ZIP Code: 

12. Telephone: Lo 13. Ext: [ 14. FAX: 
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Massachusetts Department of Environmental Protection 
Bureau of Waste Site Cleanup BWSC113 


ACTIVITY & USE LIMITATION (AUL) TRANSMITTAL FORM *°!°28¢ Tracking Number 


| 
Pursuant to 310 CMR 40.1056 & 40.1070 - 40.1084 (Subpart J) 3 | 7 


H. CERTIFICATION OF PERSON MAKING SUBMITTAL: 


1.1, JOHN OLDHAM , attest under the pains and penalties of perjury (i) that | have personally 


examined and am familiar with the information contained in this submittal, including any and all documents accompanying this 
transmittal form, (ii) that, based on my inquiry of those individuals immediately responsible for obtaining the information, the 
material information contained in this submittal is, to the best of my knowledge and belief, true, accurate and complete, and (iii) 
that | am fully authorized to make this attestation on behalf of the entity legally responsible for this submittal. I/the person or entity 
on whose behalf this submittal is made am/is aware that there are significant penalties, including, but not limited to, possible 
fines and imprisonment, for willfully submitting false, inaccurate, or incomplete information. 


Pursuant to 310 CMR 40.1074 (1)(f), | also hereby certify under penalties of perjury, that either | (if person submitting the AUL 
Transmittal Form is the property owner), or 


2. Name of Property Owner 


am/is identified on the Notice of AUL as the owner of the property subject to the AUL, owned such property on the date that the AUL 
was recorded and /or registered 


3. By: OHN OLDHAM 4. Title: PROJECT MGR 


Signature 


5. For: |REICHHOLD INC 6. Date: [2/12/2013 


(Name of person or entity recorded in Section D) mm/dd/yyyy 


[ ] 7. Check here if the address of the person providing certification is different from address recorded in Section D. 
8. Street: 
9. City/Town: TQ, State: 11. ZIP Code: 


12. Telephone: __ ss 14. FAX: 


YOU ARE SUBJECT TO AN ANNUAL COMPLIANCE ASSURANCE FEE OF UP TO $10,000 PER 
BILLABLE YEAR FOR THIS DISPOSAL SITE. YOU MUST LEGIBLY COMPLETE ALL RELEVANT 
SECTIONS OF THIS FORM OR DEP MAY RETURN THE DOCUMENT AS INCOMPLETE. IF YOU 
SUBMIT AN INCOMPLETE FORM, YOU MAY BE PENALIZED FOR MISSING A REQUIRED DEADLINE. 


Date Stamp (DEP USE ONLY:) 
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Massachusetts Department of Environmental Protection 
Bureau of Waste Site Cleanup BWSC113A 


ACTIVITY & USE LIMITATION (AUL) OPINION FORM Beledse Tacninig Numer 


Pursuant to 310 CMR 40.1056 & 40.1070 - 40.1084 (Subpart J) | : 


A. DISPOSAL SITE LOCATION: 


1. Disposal Site Name: REICHHOLD CHEMICALS INC FMR 
2. Street Address: |/7 LOWELL JUNCTION RD 
3. City/Town: ANDOVER 4. ZIP Code: |05544-0000 


B. THIS FORMIS BEING USED TO: (check one) 


N 


1. Provide the LSP Opinion for a Notice of Activity and Use Limitation, pursuant to 310 CMR 40.1074. 

2. Provide the LSP Opinion for an Evaluation of Changes in Land Uses/Activities and/or Site Conditions after a Response 
Action Outcome Statement, pursuant to 310 CMR 40.1080. Include BWSC113A as an attachment to BWSC113. Section A 
and C do not need to be completed. 


3. Provide the LSP Opinion for an Amended Notice of Activity and Use Limitation, pursuant to 310 CMR 40.1081 (4). 


4. Provide the LSP Opinion for a Partial Termination of a Notice of Activity and Use Limitation, pursuant to 310 CMR 
40.1083(3) . 


5. Provide the LSP Opinion for a Termination of a Notice of Activity and Use Limitation, pursuant to 310 CMR 
40.1083(1)(d). 


. Provide the LSP Opinion for a Grant of Environmental Restriction, pursuant to 310 CMR 40.1071. 
. Provide the LSP Opinion for an Amendment of a Grant of Environmental Resiriction, pursuant to 310 CMR 40.1081 (3). 
. Provide the LSP Opinion for a Partial Release of a Grant of Environmental Restriction, pursuant to 310 CMR 40.1083(2). 


. Provide the LSP Opinion for a Release of a Grant of Environmental Resiriction, pursuant to 310 CMR 40.1083(1)(c). 


L 
LO 
L 
L 
a 
O 
LO 
L 
L 


10. Provide the LSP Opinion for a Confirmatory Activity and Use Limitation, pursuant to 310 CMR 40.1085(4). 


(Unless otherwise noted above, all sections of this form (BWSC113A) must be completely filled out, printed, 
stamped, signed with black ink and attached as an exhibit to the AUL Document to be recorded and/or 
registered with the Registry of Deeds and/or Land Registration Office.) 


C. AUL INFORMATION: 


1. Is the address of the property subject to AUL different from the disposal site address listed above? 


a. No | |b. Yes If yes, then fill out address section below. 


2. Street Address: 
3. CiyTown:| |, ZIP Code: 
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Massachusetts Department of Environmental Protection 
Bureau of Waste Site Cleanup BWSC113A 


ACTIVITY & USE LIMITATION (AUL) OPINION FORM please Teeny Name 


Pursuant to 310 CMR 40.1056 & 40.1070 - 40.1084 (Subpart J) 3 | 5 


D. LSP SIGNATURE AND STAMP: 


| attest under the pains and penalties of perjury that | have personally examined and am familiar with this transmittal form, 
including any and all documents accompanying this submittal. In my professional opinion and judgment based upon application 

of (i) the standard of care in 309 CMR 4.02(1), (ii) the applicable provisions of 309 CMR 4.02(2) and (3), and 309 CMR4.03(2), and 
iii) the provisions of 309 CMR 4.03(3), to the best of my knowledge, information and belief, 


> if Section B indicates that a Notice of Activity and Use Limitation is being registered and/or recorded, the Activity and Use 
Limitation that is the subject of this submittal (i) is being provided in accordance with the applicable provisions of M.G.L. c. 21E 
and 310 CMR 40.0000 and (ii) complies with 310 CMR 40.1074; 


> if Section B indicates that an Evaluation of Changes in Land Uses/Activities and/or Site Conditions after a Response Action 
Outcome Statement is being submitted, this evaluation was developed in accordance with the applicable provisions of M.G.L. c. 
21E and 310 CMR 40.0000 and (ii) complies with 310 CMR 40.1080; 


> if Section B indicates that an Amended Notice of Activity and Use Limitation or Amendment to a Grant of Environmental 
Restriction is being registered and/or recorded, the Activity and Use Limitation that is the subject of this submittal (i) is being 
provided in accordance with the applicable provisions of M.G.L. c. 21E and 310 CMR 40.0000 and (ii) complies with 40.1081; 


> if Section B indicates that a Termination or a Partial Termination of a Notice of Activity and Use Limitation, or a Release or 
Partial Release of a Grant of Environmental Restriction is being registered and/or recorded, the Activity and Use Limitation that 
is the subject of this submittal (i) is being provided in accordance with the applicable provisions of M.G.L. c. 21E and 310 CMR 
40.0000 and (ii) complies with 310 CMR 40.1083; 


> if Section B indicates that a Grant of Environmental Restriction is being registered and/or recorded, the Activity and Use 
Limitation that is the subject of this submittal (i) is being provided in accordance with the applicable provisions of M.G.L. c. 21E 
and 310 CMR 40.0000 and (ii) complies with 310 CMR 40.1071; 


> if Section B indicates that a Confirmatory Activity and Use Limitation is being registered and/or recorded, the Activity and Use 
Limitation that is the subject of this submittal (i) is being provided in accordance with the applicable provisions of M.G.L. c. 21E 
and 310 CMR 40.0000 and (ii) complies with 310 CMR 40.1085(4); 


lam aware that significant penalties may result, including, but not limited to, possible fines and imprisonment, if | submit 
information which | know to be false, inaccurate or materially incomplete. 


LsP# (9415 
2. FirstName: |JOHN D 3. Last Name: |RENDALL 


4. Telephone: |(617) 523-2260 | 5. Ext: [| 6. FAX: 


mm/dd/yyyy 
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02-M4—2n13 8 ansisae 
Form 1075 
NOTICE OF ACTIVITY AND USE LIMITATION 
M.G.L. c. 21E, § 6 and 310 CMR 40.0000 
Disposal Site Name: Reichhold Chemicals, Inc. j 
DEP Release Tracking No.(s): 3-0208 Y () 


This Notice of Activity and Use Limitation ("Notice") is made as of this 4th day of 
February, 2013, by Reichhold Chemicals, Inc. (hereinafter, Reichhold) P.O, Box 13582 Research 
Triangle Park, NC 27709, together with its successors and assigns (collectively "Owner"). 


WITNESSETH: 


WHEREAS, Reichhold is the owner(s) in fee simple of those certain parcel(s) of 
land located in Andover, Essex County, Massachusetts with the buildings and improvements 
thereon, pursuant to a deed recorded with the Northern Essex District Registry of Deeds in Book 
4609, Page 63 and identified as “Parcel 1” in Exhibit A of Access Easement Agreement in Book 
10031, Page 229; 


WHEREAS, said parcel(s} of land, which is more particularly bounded and 
described in Exhibit A, attached hereto and made a part hereof ("Property") is subject to this 
Notice of Activity and Use Limitation. The Property is shown as “Parcel I” on a plan recorded in 
the Northern Essex District Registry of Deeds as Plan Number PL-13859 and including Town of 
Andover Tax Assessors Map 159, Lots | through 4; 


WHEREAS, a portion of the Property ("Portion of the Property") is subject to this 
Notice of Activity and Use Limitation. The Portion of the Property is more particularly bounded 
and described in Exhibit A-1, attached hereto and made a part hereof. The Portion of the 
Property is shown on a plan recorded with the Northern Essex District Registry of Deeds in Plan 
Number PL-16838 and on a sketch plan attached hereto and filed herewith for registration; 


WHEREAS, the Portion of the Property comprises part of a disposal site as the 
result of a release of oil and/or hazardous material. Exhibit B is a sketch plan showing the 
relationship of the Portion of the Property subject to this Notice of Activity and Use Limitation 
to the boundaries of said disposal site existing within the limits of the Property and to the extent 
such boundaries have been established. Exhibit B is attached hereto and made a part hereof; and 


WHEREAS, one or more response actions have been selected for the Portion of the 
Disposal Site in accordance with M.G.L. c. 21£ ("Chapter ZIE") and the Massachusetts 
Contingency Plan, 310 CMR 40.0000 ("MCP”). Said response actions are based upon (a) the 
restriction of human access to and contact with oil and/or hazardous material in soil and 
groundwater and (b) the restriction of certain activities occurring in, on, through, over or under 
the Portion of the Property. The basis for such restrictions is set forth in an Activity and Use 
Limitation Opinion ("AUL Opinion"), dated January, 2013, (which 1s attached hereto as Exhibit 
C and made a part hereof); 


NOW, THEREFORE, notice is hereby given that the activity and use limitations set 
forth in said AUL Opinion are as followsey Horth Resistry 
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1. Activities and Uses Consistent with the AUL Opinion. This AUL Opinion provides that a 


condition of No Significant Risk to health, safety, public welfare or the environment 
exists for any foreseeable period of time (pursuant to 310 CMR 40.0000} for the 
following activities and uses within the Portion of the Property Subject to AUL: 


(i) Commercial, industrial, and/or recreational uses and activities, including, but 
not limited to, pedestrian and vehicular traffic, landscaping, and routine 
maintenance of landscaped areas which do not cause and/or result in the 
disturbance of surface or subsurface soils below a depth of four (4) inches; 


(ii} Subsurface utility and/or subsurface construction activities, including 
excavation, subsurface drilling, and construction of any structures, provided that 
the activity 1s conducted in accordance with a Soil Management Plan developed 
by a Licensed Site Professional (LSP) prior to the initiation of such activities. 
Emergency repairs of existing utilities may be conducted without LSP 
involvement; 


(iiiyConstruction or Tenovation of buildings in the area provided slab-on-grade 
design/construction is utilized and includes engineered vapor intrusion controls, 
unless in the Opinion of a LSP these measures are not required to maintain a 
condition of No Significant Risk; and 


(iv)Such other activities and uses which, in the Opinion of an LSP, shail present no 
greater risk of harm to health, safety, public welfare or the environment than the 
activities and uses set forth in this paragraph. 


2. Activities and Uses Inconsistent with the AUL Opinion. Activities and uses which are 


inconsistent with the objectives of this Notice of Activity and Use Limitation, and which, 
if implemented within the Portion of the Property Subject to AUL, may result in a 
significant risk of harm to health, safety, public welfare or the environment or in a 
substantial hazard, are as follows: 


(i) Use as a residence, school, daycare, or nursery; 


(ii) Use for commercial or non-commercial agricultural or farming purposes such as 
the cultivation of produce, crop growing, or the rearing of livestock; 


(ii)Any subsurface utility and/or subsurface construction activities not conducted in 
accordance with Obligations and Conditions (i) and (ii) or other provisions of 
this Notice of AUL; 


(iv)Relocation of soils to shallower depths uniess such an activity is first evaluated 
by a LSP who renders an Opinion which attests that a condition of No 
Significant Risk of harm to human health, safety, public welfare, or the 
environment is maintained in accordance with the MCP; and 


(v) Construction or renovation of any building at the site without prior evaluation 
and rendering of an Opinion by a Licensed Site Professional (LSP) as to the 
need for engineered vapor intrusion controls for maintaining a condition of No 
Significant Risk. 
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3, Obligations and Conditions Set Forth in the AUL Opinion. Obligations and conditions 
applicable to the Portion of the Property Subject to AUL to maintain a condition of No 


Significant Risk include the following: 


(i) New building construction or renovation of existing buildings must be evaluated 
by an LSP to ensure that the basis and assumptions behind the risk assessment 
contained in the supporting Response Action Outcome (RAO) statement 
remain valid (i.e. the risk characterization assumptions are still applicable and 
new designs include engineered vapor intrusion controls); and 


(ii) A Soil Management Plan must be developed by a Licensed Site Professional 
and implemented prior to commencement of any subsurface, utility and/or 
construction activities that is likely to disturb surface or subsurface soils greater 
than four (4) inches in depth. The Soil Management Plan should describe 
appropriate soil excavation, handling, storage, transport, and disposal 
procedures and include a description of the engineering controls and air 
monitoring procedures necessary to ensure that workers and receptors in the 
vicinity are not affected by fugitive dust or particulates. On-site workers must 
be informed of the requirements of the Soil Management Plan, and the plan 
must be available on-site throughout the course of the project; 


Gii)Appticable worker health and safety practices set forth in29 CFR 1910, 29 CFR 
1926, and the MCP (310 CMR 40.0018) must be foilowed prior to and during 
any subsurface, utility and/or construction activities likely to disturb surface or 
subsurface soils greater than four (4) inches in depth or any activity including 
removal and/or disturbance of existing pavement or soil containing residual 
constituents. A Health and Safety Plan must be prepared by a Certified 
Industrial Hygienist or other qualified individual sufficiently trained in worker 
health and safety and be implemented prior to the commencement of any 
activities requiring the plan. The plan should describe the activity and 
specifically identify the types of personal protective equipment, monitoring 
devices, and engineering controls necessary to ensure that workers are not 
exposed to constituents through dermal contact, ingestion, and/or the inhalation 
of particulate dusts. Workers who may come in contact with soil must be 
informed of the location of residual constituents and all requirements of the 
Health and Safety Plan. The plan must be available on-site throughout the 
course of the project; and 


(iv)Response actions must be conducted in accordance with the Massachusetts 
Contingency Plan, 310 CMR 40.6000, should an LSP Opinion rendered 
pursuant to Obligation (i) conclude that future site uses and activities, including 
exposures associated with future building construction and occupation, are 
inconsistent with maintaining a condition of No Significant Risk. 


4. Proposed Changes in Activities and Uses. Any proposed changes in activities and uses at 
the Portion of the Property which may result in higher levels of exposure to oil and/or 


hazardous material than currently exist shall be evaluated by an LSP who shall render an 
Opinion, in accordance with 310 CMR 40,1080 et seq., as to whether the proposed 
changes will present a significant risk of harm to health, safety, public welfare or the 
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environment. Any and all requirements set forth in the Opinion to meet the objective of 
this Notice shal] be satisfied before any such activity or use is commenced. 


. Miolation of a Response Action Outcome. The activities, uses and/or exposures upon 


which this Notice is based shall! not change at any time to cause a significant risk of harm 
to health, safety, public welfare, or the environment or to create substantial hazards due 
to exposure to oil and/or hazardous material without the prior evaluation by an LSP in 
accordance with 310 CMR 40.1080 et seq., and without additional response actions, if 
necessary, to achieve or maintain a condition of No Significant Risk or to eliminate 
substantial hazards. 


If the activities, uses, and/or exposures upon which this Notice is based change without 
the prior evaluation and additional response actions determined to be necessary by an 
LSP in accordance with 310 CMR 40.1080 et seq., the owner or operator of the Portion 
of the Property subject to this Notice at the time that the activities, uses and/or exposures 
change, shall comply with the requirements set forth in 310 CMR 40.0020. 


. Incorporation Into Deeds, Mortgages, Leases, and Instruments of Transfer. This Notice 


shall be incorporated either in full or by reference into all future deeds, easements, 
mortgages, leases, licenses, occupancy agreements or any other instrument of transfer, 
whereby an mterest m and/or a nght to use the Property or a portion thereof is conveyed. 


Owner hereby authorizes and consents to the filing and recordation of this Notice, said 
Notice to become effective when executed under seal by the undersigned LSP, and 
recorded with the Northern Essex District Registry of Deeds. 


WITNESS the execution hereof under seal this 46 day of January, 2013. 


Reichhold, Inc, 


Owner 


fils OtdL 
Mr. John Oldham 


Director of Site Remediation 
STATE OF NORTH CAROLINA 


On this 30 day of January, 2013, before me, the undetsigned notary public, 
personally appeared John Oldham, proved to me through satisfactory evidence of 


identification, which were DRIVELS Li CEASE, to be the person whose 
name is signed on the preceding or attached document, and acknowledged to me that 


he signed it voluntarily for its stated purpose. 


As Director of Site Remediation for Reichhold, Inc., a corporation 






Notary Public: 
My Commissi 
JOAN M GRACE 

NOTARY PUBLIC 


WAKE COUNTY, NC 
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The undersigned LSP hereby certifies that he executed the aforesaid Activity and 
Use Limitation Opinion attached hereto as Exhibit C and made a part hereof and that 
in his Opinion this Notice of Activity and Use Limitation is consistent with the terms 
set forth in said Activity and Use Limitation Opinion. 


Date: 3}. 13 





COMMONWEALTH OF MASSACHUSETTS 


On this Bre ' day of January, 2013, before me, the undersigned notary public, 
personally appeared John D. Rendall, proved to me through satisfactory evidence of 
identification, which were [it ense to be the person whose 
name is signed on the preceding or attached document, and acknowledged to me that 
he signed it voluntarily for its stated purpose. . 


Notary Public: Bbnnse tds 
My Commission Expires:  & /a/adis” 





As LSP for CH2M HILL, Inc. 


Upon recording, return to: peanry tee ties ct em Ya 
John Oldham Gualied in Wyoming Gani 
Reichhold Chemicals, Inc. tty Cometeien De eee Glalavz y 


P.O. Box 13582 
Research Triangle Park, NC 27709 


Bk 13333 Pg32 #3448 





Exhibit A —Metes & Bounds of Parcel 
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QUITCLAIM DEED 
\ 
% BTL SPECIALTY RESING CORP., 2 corporstion duly esteblished under the laws of Delrware 
oud having itz mxual place of busines at 2112 Syhvan Avenun, P.O. Bax 2570, Toledo, hin £3606, 
for consideration paid, and ia full comaderstion of Oae Dollar ($1.00, grasts to REECHIEIOE.D 
CHEMECALS, INC., « corporation daly estshliahed under the laws of Deleware, of Rescerch Triangle 
Puk, North Cavotinn 77709 with Quitchaies Covenaats the land in the Town of Asduver, County of Hasex, 
Massachusetts, 06 tore partirelarty described om Exhébit A attacked hereto sud mace a pert hereof. 


For Grantov’s title, see Deed diated Jane 20, 1996 and recorded with Essex North Registry of Deeds 
ip Book 2227, Page 164. 


IN WITNESS WHEREOF, he mid BIL SPECIALTY RESINS CORP. has coursed its 
conporate seal to be hereto affixed and theese preseats t0 bo signed, acknowledged and delivered in its same 


and bebsif by Daniel Wozniak te President and Tromsurer, hnreunto duly autteorized, this £7 day of x 
September, 1996. ay 
tea) 
_& 
7 BTL 
oak br 
: ‘comak 
President and Trosserer DCT 10°96 ail0-22 
State of Ohio j 
a. Sopesmber =26, 1996 4 


Then pereomally eppearod the sbove named Daniel Wouniak, President and Treatucor of BTL 
SPECIALTY RESINS CORP, and acknowledged the foregoing instrament to be his free act aad deed and 


the free act and deed of said comporstion, bedare me. 2 
Latent" 
‘ Mts, 25, 52002 a 


My comasisaion expires: 

_, 
‘ 

err + Aousoow 

LAS Pema, 2 


FBe0ren, ane 281/70 


te 
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so, ot the southessteriy corner thereof at a 
stake in the brook. near .the ead of a 12" culvert asd: at- ; 


(+, ether land’ of. the grantes,paid stake being Jocated 1406.87" : 


westerly from’ s concrets bound op the said.sortherly side of 

| taid Lowell Jet. Road: thence fumning §-86"-17'o30"%, by the 

ald northerly side of Lowell Jct. Road 258.43" bo a ke 
at land of ry Fysbins thence turning and running W..9*-30' 
W by eald ian . tyzhin 259.¢9' to a apike: thence ruaniag 
R. 4*=26'E. atill by esid tand of tyzbin. 72.04' to a agike 
in the @ziveway between -sald property as herein: degcribed 

‘and eaid land of Tysbiny thence turning and running. N. 20¢= 
47°30" E. still by seid land of fyzbin 131,62" to. an old 
iron pipe st the southerly bank of the Shawabeen River; 
theace turning and reaning ina general eaatetly and 
portheasterly direction by the said southerly bank of the 
Sbhawabaen River 152° more or lese to other land af the 
grantees) thence turning and running 5-68°-46'22" EF. by paid 
wand of the grantee 63,50’ to an iron pine in the center of 
the Brook; thence turning and running 5, 19°=06'=485" FL 
“GALI HB. O34 18" HL, 79.65%; g, 29-57-48" BL, O7.355') 
S-09*=88* E., 52.94) Ge. 28*%-03'=50° EL, 34,37") GS. O5%- 
$2°-48" Wo, 61.98" and 5, .28°-38'-15" WL, $64.85" to a atake 
dn the northerly side of said Lowell Joc. Road and polnt of 
beginning; all of said last mentioned courses being by the 
center of the Brock and by said land of the grantee. 


The land and buildings situated in said 
Ballardvale being bounded and described aa followa; 


Beginning at an iron pipe on the northerly line of 
Lowell Junction Read at land_now or formerly of one Schultz; 
bhence running north One Hundred Elgnty-Seven and 7/1090 
{187.7')> feet to an lron pipe; thence turning and running 
wast along ditch Two Bundred Twenty Seven and 45/100 
(227.465°) feet to an iron pipes thence turning aad cunning 
forth thirry-Nine (39°) feet to an tron pipe; thence turnlag 
‘ and tunning easterly Four dundred Ligbty-One and 36/109 
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336') Coet‘toian-diron pipen.theoce turning at an 
intezior’ angle of. 99°00'20" and running southerly Six: yo 
Bight (68°). feet-'to acatake; thence turping at an daterlor 
angle of 50° easterly; ‘thence turning and’ rumaiag ‘Iwo 
Eeadred Tweaty~Bilse aad: °47/190'°(729.42')] feet to on. iron 
on tie-westerly line of-the Lowell Branch of the Boston - 
‘Maine Railroad; thence turning and running northwesterly 
aed veetefiy on the westerly lipe of said Railroad One 
Thousand Bix Mundred Forty-Six “(1646")} feet to a point at 
the inter-aecticn of sald Railroad and the-southerly line of 
fewksbery Btreét; thence turning and ronsing westerly along 
esid southerly -line of Tewasbury Street One Hundred" Fifty- 
Seven (157') feet to an Lron piper thence turning and - 
_ manning southeasterly in a str. sgne line Six Hundred Fifty 
(650°) feet-more-or lesa: to. the’ Shaveheen River, said line 
rocs through an iran stake‘set in the- ground abéct Forty 
(40°) ‘feet. from the bank of the river, which fren stake: is 
about “Three Wundred: Thirty-four (334'} feet easterly in a 
straight. line of a stone an the old county ling known 
as Buck's Norns thence continuing in a southwesterly 
direction along the center of g brook, woich brook meets the 
Shavahees River-on its southern bank Six Husdred (600°} feet 
wore or less to an iron stake set in the center of said 
break at ite inter-section with the Lewell Junction Road; 
thence turning and running easterly along the nortberly line 
of paid Lowell Junectian Road One Hundred @ix and §7/100 
(106,97'}' femr to the poine of beginning. 


“the land in Andover, Massachusetts, bounded and 
Gewerlbed as follows: - Loe 


3 


a] 


Beginning at a Land Court bound set in the 
noreserly line of Lowell Junction foad, Ballardvale, 
Magsachusetts, said Land Court. bound being at land of Watson 
Park Company, thence renting sorth zero (0°) degrees and 
four (4) einutes west one-hundred eighty seven and 70/100 
{257.70°) feet to a spike, thence turning and running north 
eighty nine (89°) degrees and fifteen (15) minutes east two 
hundred twenty seven and 45/100 (227.45'} feet ta an iron 
pipe, thence turning and running north zero (0°) degrees and 
forty five (45) minutes weat thirty nine (39.00') feet to an 
iron pipe, thence turning and running north eighty Live 
(85*) degrees tventy seven (27) minotes and thirty (30) 
seconds east one hundred ninety seven and 37/1900. (197.37"). 
feet to an iran pipe and land now ar late of Schultz, thence — 
turaing and running sonth zero (6*) degrees and four minutes 
east by land now or late of Schults two hundred forty six — 
ond -64/100 (246.64') feet to m Land Court bound set the 
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certein.parcela.of-land, and- the. bulldings ; 
thereon, sityated thet part of said Andover known as 
Beltardvale, said land be on the sortherly aide of Lowell 
Junction Road, and bounded and deacribed as followar...-— - 

Parcel.“A". Beginning at_&@ land court bound on 
the netrtherly aide of Lowell Jusction Road formerly known as. 
*gurt Road"; said beund abuta land owned by Reichbold 
Chesicals, tde.; thesce ronning. in 2 northerly direction. 
Zand of Reichhold. Chemicals, Inc. Two Bundred Porty-Six a 
64/100 ‘Feet (246.64'), more or leas, to an iron pipe; thence 
In an easterly direction by land of said Reichhold. . . 
Chemicals, Inc. Two Bunde Eighty-Three and 96/100 feet 
{283.96’), more or leag, to 2 stake; thence turning and 
funning in a southerly direction by land of ssid Aeichhold 
Chemicals, Inc. Sizty-Eight and 63/160 feet (68.03'), more 
or less, to a steke: thence turning and running in an 
easterly direction by land owned by said Reichheld - 
Chemicals, Inc. to land of the Boston & Maine Railroad Two 
Bondreé Tyeaty’ Tyo and 68/100 feet (7272.68"), more ox leas, 
to a stake; thence turning and running in a southeasterly 
“irection by land of sai4 Boston & Maine Railroad in two 
courses, Sixt and 64/100 feet (62.64), more or less, — 
and Three Hundred Lighty-Six anda 68/100 feet (386.68'}, more 
or less, to a stake and land af unknown ceners; thence 
earning and.tunning 4n a southwesterly dirsctlon by land of 
said unknown ownera,.Forty-Four and 26/190 feet (44,23'}, 
more or less, to a stake and Lowell Junction Road; theoce 
turning and running northweaterly, southwesterly, and 
wasterly in ¢ive courses along said line o£ Lowell Junction 
‘Road One Bundred asd Thirty-Eight feet (138'), more or less, 
toa a stske; ‘Two Hundred Fifty-Two and 22/200 feet (752.22"}, 
more or less, to 2 atake; ‘One Hundred Seventy and 70/200 
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feet, 1170,.70'}, fore or less, to o taxes; Tvo Eundred 
Sizveen and $5/100 Feet (2716.95"), More or leas, to's stakes 
and Thirty-wine end 96/160 Zest [39.85°), wore or leas to 
the polat ef beginning. . : 


_ Wareel "s". Beginning at a post at the corner of 
land owned by the Boston 6 Maine Railroad at the Shavaheen 
Rivet; thence turning and runaing.in a nerthwesterly 
direction by anid river about Gne Bundred and Pifty feet: 
(180°), more.or less, to a stake in land owned now or 
formerly. by‘ one. Frank Serio; thence turning and running ina a 
southwesterly direction by land of said Serio rive’ ed 
£ifty-Five and’ 05/100 feet (555.85°}, more or less, to a 
atakes thence turning and rmoaing in a northwesterl . 
direction in two courses by said Serio land Tvent beet 
420°), more or less, to a stake and Six Nundred Ninetsen and 
54/100 feet (619.54'}, more or leas, to a stake and the 
Shaveheen Biver); thence turning-and running ina ~ | - 
southwesterly direction by said river Forty—Pive fret (45'), 
more or-less, te a point and land of the Boston & Naine 
Rallrodd:; thence turning and cunning in a southeaacerly 
@irection in four courses by land of said Boston & Maine 
Rallroad Fourteen and 5/100 feet [14.05'), more or less, to 
a atake: Eighey-$ix and 06/100 feet (85.06'), more or lesa, 
to a stake; Six Hundred Forty=four and 96/100 feet 
(644,94"}, pore or lass, to & stake: Tvo Bundred Eighty- 
Fight and 99/100 feet (288.89'), more or less, to 8 stakes 
thence turning and running in a northeasterly direction by 
jand of said Boston & Malne Nailroad Six dundred and Porty- 
Three and 87/100 Feet (§43-87"). more oz less, to the point 
of beginning. so, 


All of the bounds mentioned pbove of Parcels A and 
Bare more particularly deseribed on a Plan of Land in 
Ballardvale, Massachusetts, dated June 21, 1956, drawn by 
Charles E. Cyr, Civil Zngineer of Lawrence, Hassachusetts, 
and said plan. Boch Parcels A and B 
arte subject ‘to an easement running in favor of Frank Serio 
wt al, and said easement is shown on said plen. | . 


A certain parcel of land situated in sald Andover, 
bounded and deséribed as follows: 


EASTERLY —s:soy'_ @ private way, one hundred fifty 
feet? . 
SOUTHERLY by ether land of grantors, one hundred 


forty-eight and 3/10 feet; 
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WESTERLT Sletprtaree hora of S, one bendred 
’ : feats and. 
_NcarEany Hi Prema other lend ‘6d geantors,, ‘soe ‘mandsod 
ty-four asd 5 $/1D feet. 
Being the came premises enews on epubdivision ang 


=. lan of Land 1peated tn Andover, Mass., owved by 
desepir A. Goricss Nevunbex. revi. Deocunbe: 
1964," ‘which plan is recorded vi th’sorth Disttice of Ecex 
Registry cf Deeds as Plan 05196. . 


. A certain parcel of land with the’ bull 
thereon, situated in that part of pe Andover: county Zesex, 
ef ae Ballardvale, off 
Loweld sunt Lon Read ,. containing Te 4 acres more or less, 
bounded and dager ibed as follows: Lo. 


* Segtanting at a ‘stake ‘and stones on the Easterly 
aide of.the Shavabesn River at land late of Sarah J. Craig 
gew ef Reichhold Chemicals, Inc.) thence Mortherly,' Westerly 
and Southerly by said river (upstream) to a stake and stones 
at other land ‘late of said Craig, now of said Relchhold | 
Chemicals, Ine.; thance Faaterly by aaid land late of Craig 
now of Reichnold Chealcals, Inc. as the fence stends 40 5 
more or less to & stake and stones at other land late of - 
maid Craig nov Of Reichhold Chemicals, Ine.) thence by lane 
late of. said Craig now of Reichhold Chemicals, Inc. north= 
@asterly as the wall stands 30 rods Sore or less. to said 
river. snd.tbhe poine of beginning, . 


The land in sald Andover, on the Southensterly 
aide of Tewksbury Street, a2 re-located by the Commanwealth 
of Nasgachusetta by order of taking duly recorded with Worth 
Essar Registry of Deeds in 1958, said premises Delng bounded 
and described as follover 


TEWESTERLY by the Southeasterly line ‘of paid 
Tewksbury Street, S66 feet; 
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SQUTENESTERLY by land: formerly of Elmer ®. ‘Shattgech, 
7“ mow of - Scheme iof Frederic. 2. Rowillard. $10 feet, 


nSSTERLY by said: Roulilard land, 6 feat. more of tess: 
- the iptersection between the last two bounds is a 
stone: bound called “muck? rT Born”; 


| SUTREASTIRL EASTEALY and SOOTEEASTERLY by the 
: “fhawehesa hhiver, : 4a00, feet, wore or less; and 


sand forseriy. of Satson Park Company, 
now of | bale id-Chemicals, Inc., 690 feet, gore or 
less,'-the Zast ‘bound being set by an Indenture dated 
June 13, 1942,..betwveen the saié Proulx and the said 
BRateon Park.-Company recorded with sald Registry ef 
Oweds, - Book:,,.7 634. “Page 357... 


, a certain parcel of Jasd in. the Town of Andover, 
coanty of Baesex,. Componwealth of Massachusetts, being known 
ané aumbered as 79 and 81 Lowell Junction: Read, with 
pulldinge thereon, said parcel is situated on the north side 
oF: Lowell Junction Road as ‘shown on a plan 

entitled, "Plan Of Land In Andover,. Massachusetts, 
Baliardvale) As Surveyed. For Reichhold. Chemicals, Inc.*, 
teé@ Wovesber, 1974, prepared by Clinton Poster Goodwin, 
Regiutered Land Surveyor, 24 Washington Square, Haverhill, 
Massachusetts, end being more particularly bounded and 
described as follows: — . 


. ‘Beginning at the sovtbensiary most corner of said 
property, as &@ point on the northerly cignt of way of Lowell 
sunetlon Road (a peblic way}, said point dseing warked by a 
conerete bound; thence, 


WESTERLY along the northerly right of way of the 
. said Lowell] Junction Road 200.00 feet 
Se86* o8' O0"W to a point, sa2id point 
being the southeasterly moat corner of 
property now/ot formerly awned by Robert 
R. and Jean A. Searano, fornerty 
Property of Fredericks; thence, 


WORTHWESTERLY by said land now or formerly of Robert 
. &. abd Jean &. Scarano 121.84 feet N19* 
‘17° 55"W to a point, said point being 
the northeasterly most corner of the 
aforesentionsd Scarano property; thence, 
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WROTERLY the said Searene. 123.59 feet 
"tone ae aman at-land aow-of 
. cel . 
MOMTHERLT 1m two courses by anid Town ef Andover - 
‘ : land, 184.48 WS°. 22’ 52°, aad: 
181,39. feet WOG* 19° 2002; 30-2 point. at 
additional land sew ef the Town: of 
ver). thanee, 
ZASTERLT in three courses -Yand ofthe said 
'. Bove of Andover other land of the 


Grantee, 145.00 feet or gzt: ter 
135.87 foeksSS2*..30'90"E,- and Bt.08 
feet 875" 24° 66°; ‘to a point at: ‘ined 
oft the Grantee; thancs, - 


SOUPHERL three courses' jan of the eaid - 

® Grantee, 131,82. fore g20° «7° ea 
“23.06 feet 604° 36°. 60°M, .and. 297.37 
feet #09* 30° ‘8O"E, fo-the polst of 


beginning. . 


qoqether ‘ith and pubject. to ‘the eign of way referenced in 
deed Fecordad. in Book 145y at. Page 4 . 


property described in this Exhibit A is subject to the. 
ne prope additional encumbrances. and exceptions . 


ol “order of Taking” by the. Town of Andover dated April 15, 
1968 and recorded in Book $103, Rage 493 and shawn on plan | 
' Fesorded as Plan No, ‘$626. ; : 


2. "Order of Taking" by the Town of Andover dated fay 20, 1968 
and recorded in Book 1196, Fage 237 and shown on plan fecorded an. 
. Plan Bo. 58343. 


3. *Order of. Taking” by the Town of Andover recorded in Book . 
1106, Page 239 and shown on plan recorded as Pian Bo. 5844, 


4. “Order of Taking” by the Town of Andover dated Auguat 29, 
1968 and recordad in Book 1113, Faga 331 and shown on plan. 
recorded ss Plan Ro. 3900. 


5. “order of Taxing” by the Town of Andsver dated October 14, 
1968 and recorded in Book 1117, Page 18 and shown on plan 
recorded ag Plan Ro. $930. 


6. faking by the Town of Andover as shown on plan. recorded as 

Plan Bo. 1693... 

There is excepted and excluded from the foregoing described proparty, and 

from the premises conveyed hareby, the premises conveyed to Robert R. Scarano 
and Jean FR. Scarano by deed dated April 17, 1989 and recorded with Essex North 
District Deeds Book 2934, Page 224. . 
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7. . Bight and eapement granted to Lawerence Gas 6 Electr 
Company d@ated December 21, 1555 aad recorded in icok $10, Page. 


(0, Taking by the Department cf Public Works of the 
ef Kessechusetts dated June 3, 1958 and recorded in Book 47$, 


‘Dwge 156 end chow: on plan recorded as Plan fc. 3669, 
3 License granted to Bay State cas’ Company recorded in Book 
67, Page 3950 cae 


> ee Of way twenty feac wide set forth in deeds recorded in 
Book 259, Page 329 and Pook 416, Page 15. | . ee. 


sm . , 
Li, Subject to the rights of others in and to the right of wa 
Pafarenced in deed recorded in Book 1353 at Page 443. To. 


12. Reotrictive covenants and conditions and right of way set 
forth in deed from Prank Serio and Theresa Serio to Joagen Ae 
Gloriosa dated September 23, 1948 and recorded in Rock 716, Page 


13, Restrictive covenants and conditions set forth i - 
instrument recorded in Heok 1028, Page 127, mara 


ld, “Gryder af Taking® by the Public Works Commisaion af the 
Commonwealth of Massachusetts dated March 8, 1978 and recorded in 
Beok 133¢, Page 125 end ahown on plan recorded as Plan Bo, 7785. 


‘15, “Order of Conditions” iseued by tha Andover Conservetion 
Commission recorded in Book 1397, Page 275. 


16. "Order of Conditions’ Jasued by the Andover Conservation 
Cimmission recerdad in Book 1653, Page 67. 


17, Bight, title and interest in and to thoee parcels of land 
epnrveyed by Reichhold Chemicals, Inc. to Jehn E. Deloury and 
Georges Morey by daed dated May 15, 1984 and recorded in Book 
1815, Page 1 and shown on plan recorded as Plan No. 9476. 


18, Driveway and fence maintenance agreement set forth in 

inatruments recorded in Book 757, Page 506 and in Book 757, Page 

507. 5 

‘49. “Order “of Conditions” issued by the Department of Enviroment : oe 
partnent of Environment 

Zacor@ed in Book 4230, Page 272. al Protection 
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a0. Right, eitle and interest in and to that parcel of land containing 
-43 acres as shown on plen entitled "Plan of Land in Andover, Mass. 
Beloaging to W.E. Plywood Co.", Scale ] i100 ft. dated June 3, 1920, 
Borace Hales Smith, Engineer, recorded as Plan Ho. 411. 


21. All other sasements, restrictions and snctmbrances of record, if any, 
insofar as in force aml applicable. 


For titles see deed from Reichhold Chemicals, Inc. to Grantor dated 
June 20, 1986 and recorded with Eaeex Morth District Registry of Deeds in 
Book 2227, Page 164. 
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ACCESS LASEMENT AGREXMENY 
This EASEMENT ACCESS AGREEMENT is made as of the 27” day of Jasuary, 2006, 
by and between Reichhold, Inc., a duly established Delaware corporation with a principal place 
of business of Research Triangle Park, North Carolina 27709 ("Grantor"), and The Town of 
Andover, a daly established Messschweetia mumicipel corporation, with a principal place of 
business at 36 Bartlett Street, Andover, Mansachosetts 01801 ("Grantee"). 


RECITALS: 

A. Grantor is the owner of the real property more filly described in Exhibit A 
attached hereto and by this reference incorporsted herein as though fally act forth (the “Grastor 
Property”). 

B. Grantor intends to convey the real property more fully described on Exhibit B 


Cc. Grentor and Grentee wish to cateblish an ecceas casement eoross Grantor 


Biel 
OC OV C1591 


to the Grantee Property in the nummer provided herein. “E 

NOW, THEREFORE, in consideretion of the foregoing and the suutual covenants 
contained herein, the parties hereto agree as follows: 

AGREEMENT: 

1. Grantor hereby grants to Grantee the right and easement, subject to the terms snd Us 
conditions hereof, over that portion of the Grantor Property moce fully dessribed on Exhibit 
and Schedule 1 attached hereto (the "Hasement Area"), to construct, install, improve, including 
without limitetion, pave and maintain, at Grantee's espense, and use es a wey for all purposes for 

driveways in Andover, Massachusetts may now or hereinafter be used, including the right 


L480 
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of travel by foot or vehicle in the Easement Area, for tho benefit of the Grantee Property. As 
further depicted on Ezhibit C and Schedule 1, the Easement Area shall not exceed & mecinum 
width of twenty-she feet (26"), and shall tormnimate at the northam edge of the Grantor Proparty 
where it ebuts the railroad right-of-way (a strip of property that is not owned by either Greator or 


Grantee). Grantee expressly acknowledges that Grantor has made no representations or promises 
regarding psasage over the railroad right-of-way at the termination of the Easement Area. 


2, The rights herein granted to Grantee ace non-exclusive, are solely for the benefit 
of the Grantee Property, ate to run with the Grantee Property, and are to be exercised in common 
with Grantor and the successors and assigns of Grantor and Grantee. 

3. All rights granted to Grantee in the Easement Aree are subject to the following 
teams and conditions: 

a) As further depicted on Exhibit C and Schedule 1, Grantee shal] instal! and 
maintain a gete and lock for socessing the Eascnent Area fromm Lowell Junction Road (providing 
n key to Grantor), and shall install and maintain a foave along the west boundary of the Esseroant 
Area extending north from the gate to the boundary of the ralroad right-of-way property, 
sufficient to reasonably block public access to the Grandor Property from: the Easement Area. 

b) All construction, maintenance end repair costs conceming the Easement 
Area shall be borse by Grantec, inchoding (without Eraitation) in comnection with the 
aforementioned gaz and feacing, Int exchading the costs of utilities or other improvements 
installed by Grantor for the benefit of the Grantor Property. 

c} Grantor and Grantee agree to provide prior notice to the other whenever 
either of them shall exercise rights under this Paragraph in the Rasement Area. Theo party 
exercising such rights agrees that such rights shall be exercised 90 a9 to cause minimaen 
interference with rights of others and that upon completion of any construction the surface of the 
Basement Area sd any other areas disturbed and any structures in, on or under any of such areas 


ng 16¢4831,1 
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which are disturbed or injured shall be reatored substantially to their previous condition. 

d) Grantor expresely reserves and roteina the right to use and fo grant others 
the right to use the surface os subsurface of all or any portion of such Easement Aree; provided, 
however, thet such use shall not meterially and adversely interfere with the rights of Grantors 
hereunder. 

©} —- Granteo shall not penmit or suffer the imposition of any meterialman’s or 
mechastic's lien affecting the Easernent Arce and, if a notice of contract or subcontract is filed or 
a lien otherwise cetabliahed affecting the Easement Ares, Grantioe shell promptly cause the same 
to be released, discharged, or bonded-olf as provided by law. 


f) Grantee agrees to be responsible for its negligence in excrcising its rights 
pursdant to this Agreement; provided, however, that Grantee shall not be responsible for the 
negligence of Grantor (each reserving al! applicsbie defenses). 


4. This Agreement shall be govemed by the laws of the Commonwealth of 
Massachusetts, exclusive of its choiceo-of-law provisions, and may be mfirced only in a 
Massachnueetts court of competent jurisdiction. 


[Signatures to Folew on Next Page} 


Boel 64011.1 
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Executed as a seated instrument as of the 8 tiny of February, 2006. 





STATE OF North Carolina ) 


}m. 


COUNTY OF Wake) 


On this 3% day of Fobruary, 2006, before me, the undersigned, s Notary Public in and for the 
State of North Carolina, duly commissioned and sworn, personally appeared John §. Gaither, 
President of Reichold, Inc., the corpomstion that executed the within and foregoing instrument, 
and acknowledged said instrament to be the free and voluntary act and deed of said corporation 


instrument and that the seal affixed, if my, is the corporate seal of said corporation. 
IN WITNESS WHEREOF | have hereunto set ny hand and official seal the day and year first 
written. 





(Print or starop name of Notary) 
NOTARY PUBLIC in and for the State 
of North Carolina. 





@081564811.1 
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GRANTEE: 
THE TOWN OF ANDOVER, a Municipal 
corporation 
r— ‘ fyoyome 
Tithe: Ta manager 
The Commonwealth of Massachosatis ) Fa lervongy 
)as. Jauery __, 2006 
County of _fasey ) 


| 
On this { day of January; before me, the undersigaed notary public, personally 
ad . . ' of The Town of Andover, = municipal 
corporation, who proved to me through of identification, which was his/her 
Massachusetts Drivers Li 


fierd 


g0015#4611.1 
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ExebitaA 
(Geeattor’s Land [Parcel I] 
A certain paroe! of land with the buildings and improvements thereon in Andover, Hasex 
County (North Registry District), Massachusctia, situated between Lowell Junction Road in said 


Andover and the Shawsheen River, bounded Southeasterly and Southerly by Lowell Junction 
Road in several course and curves, 42.60 feet, 335.36 feat, 209.00 feet, 697.89 fect, and 411.92 


Braintree, dated May 23, 2000, and recorded with Essex North Distzict Registry 
of Deeds as Plan 13859 on October 23, 2000. 


B080564911.2 
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Bay Treswportetion Authority 
Railroad) along a curve epproximately 304 fect and in a straight line approximately 723 feet. The 
parcel is farther shown as “Parcel II” on a plan eatitled “Activity & Use Limitation Pian, Lowell 
Junction Roed & Tewksbury Street, Andover, MA,” prepared by by SMC (Surveying and 
Mapping Contultents) of Braintres, Massachusetts, dated May 23, 2000, and recorded with Essex 
North District Registry of Deeds as Plan 13859 on October 23, 2000. 


961544821.) 
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(Basement Area) 


The Land in Andover, Massachusetts, commencing on Lowell Junction Road, as shown 
on the sketch, stteched hereto as Schedule | eatitled “Land Title Gurvey Lowell Junction Road 
md Tewksbury Street, Andover, Massachusstis”, prepared by SMC of 170 Forbes Road, 
Farininen, Macnoheneis, ot a vaiat abi ie extazvaceed fan den scuthweeterty comer of the 
cart path shown on sald sketch to a point located on the nosthern boundery of Lowell Junction 
Road, running easterly along ssid Lowell Junction Road to a point which is five feet cast of 2 
poiat which is extrapolated from the southexstarty comer of the cart path fo & point located on the 
northem boundery cf Lowell Junction Road, then taming and running northerly in lines parallel 
with the ceaterty boundary of such cast path and a distance of five feet therefrom, to the boundary 
of Granteo’s Property, then tuming northwest and routming along the southern boundary of the 
Grantee's Property to = poit which is five feet west of the westerly boundary of said cart path 
along aid boundary, then toring and running southerly in tines parallel with the westerly 
boundary of seid cart path to Lowel] Junction Road and a distangs of five feet therefrom, then 
fuming cust end running slong the northerly boundary of Lowell Juxiction Road to the point of 
begincing, and at all points possessing a maxinnyn width of twenty-six (26°) or less. 


BPOMLSGIGILIL 
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Exhibit A-1 Metes & Bounds of AUL- Former Manufacturing Area 
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Exhibit A-1 
Metes & Bounds 


AUL — Former Manufacturing Area 


A parcel of land located on the north side of Lowell Junction Road, beginning at the southwest corner, at 
a paint on the north sideline of Lowell Junction Road, at land of Genetics institute, Inc., running: 


N 19° 50° 50” W 425.33’ 
Easterly 1053’+ 

5 64°49 20° E 135.84 

5 06° 41’ 53” W 492.44’ 
R=4025.007 L=340.12’ 
5 69° 44’ 22” 209.00’ 

§ 69° 20° 12” 335.36’ 

5 70° 35’ 04” W 42.60’ 


along land of Genetics Institute, Inc., to a point on the south bank 
of the Shawsheen River, thence 

along the south bank of the Shawsheen River to a point at the land 
of Massachusetts Bay Transportation Authority, thence 

along land of Massachusetts Bay Transportation Authority to a 
point at AUL Area B, thence 

along AUL Area 8 to a point on Lowell Junction Road, thence along 
a curve to the left along Loweil Junction Road 

to a point, thence along Lowell Junction Road 

to a point, thence along Lowell Junction Road 

to a paint, thence along Lowell Junction Road 

to a point at land of Genetics institute, Inc. said paint being the 
point of beginning. 


Said parcel contains 463,543 square feet or 10.6415 acres of land area and is shown as AUL — Former 
Manufacturing Area on PLAN OF AUL — FORMER MANUFACTURING AREA in Andover, Massachusetts 
prepared for Reichhold Chemicais, inc. , December 17, 2012, Scale 17=100' by Merrimack Engineering 
Services, Inc. 66 Park Street, Andover, MA 01810. 
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Reichhoid Inc. 


Reichhold Inc., 77 Lowell Junction Road Andover, MA 


EXHIBIT B 
Sketch Plan 

Andover, Massachusetis, DEP RTN 3-02 
GH2AAHILL 
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Exhibit C 
Activity and Use Limitation Opinion- 
Parcel | Former Manufacturing Area 
Reichhold, Inc. 
77 Lowell Junction Road 
Andover, MA 01810 
DEP RTN 3-0208 


In accordance with the requirements of 310 CMR 40.1074, this Licensed Site Professional 
(LSP) Opinion has been prepared to support a Notice of Activity and Use Limitation (AUL) 
for the Former Manufacturing Area (FMA) sub-portion of a parcel of land, Parcel I, owned 
by Reichhold Inc, located at 77 Lowell Junction Road Andover, Essex County, 
Massachusetts, 01810. The FMA is part of the Reichhold, Inc. (Reichhold) site, identified by 
the Massachusetts Department of Environmental Protection (MADEP) as RTN 3-0208. 


Site Background 


The Reichhold site (herein after referred to as “the site”), RTN 3-0208, is estimated at 
approximately 44.7 acres based on current survey information, and is divided into three 
Parcels as identified in Exhibit B (Sketch Plan). Parcel I, estimated at approximately 14.6 
acres, was the location of the former manufacturing facility (FMA) and a former industrial 
landfill (LFA). Parcel II to the northwest, estimated at approximately 11.2 acres, consists of 
both upland and a wetland areas. The upland area of Parcel I was the location of six former 
waste lagoons and a concrete equalization basin. No known industrial activities occurred in 
the wetland area of Parcel Il. Parcel II] to the northeast, estimated at approximately 18.9 
acres and currently undeveloped land, has had no known industrial activity associated with 
it 


This LSP Opinion is being prepared in support of a Notice of AUL for the FMA portion of 
Parcel I (Portion of the Property Subject to AUL). Separate Notices of AULs have 
previously been filed for Parcel III and Parcel II, as part of Class A-3 Partial Response Action 
Outcome Statements (RAO-P), and for the eastern portion of Parcel I, referred to as the 
former landfill area (LFA), as part of a Class A-3 RAO-P. These AULs have been prepared 
and filed separately with the MADEP and Northern Essex Registry of Deeds. Response 
actions conducted in recent years, including monitoring and risk assessment, support this 
AUL opinion for the remaining FMA portion of Parcel I. 


The MADEP assigned release tracking number (RTN) 3-0208 to the Reichhold site, which 
has since been classified as a Tier II site under the Massachusetts Contingency Plan (MCP), 
310CMR 40.0000 (MADEP, 1993 et seq.). The site is also classified as a Public Involvement 
Plan (PIP) site. 


According to the Town of Andover Tax Assessor’s office, the Reichhold site is further 
identified as Lots 1, 2, 3, 4 and 8 on Tax Map 159 and Lots 6 and 7 on Tax Map 182. The site 
is located in an area zoned for industrial, mixed residential/ industrial and residential use. 
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Specifically, according to the Town of Andover’s Zoning Map, Lots 1, 2,3 and 4 of Map 159 
are zoned industrial A, Lots 6 and 7 of Map 182 are zoned Industrial G, and Lot 8 of Map 
159 is zoned Single Residence B. The FMA Portion of the Property Subject to this Notice of 
AUL, identified to be portions of Lots 1 through 4 of Town of Andover Tax Assessor's Map 
159, is a 10.6 acre area located in the southeastern corner of Parcel I. 


Site History 

The property located at 77 Lowell Junction Road was purchased by Watson Park Company 
in November 1930. Prior to Watson Park's ownership, the property was known as New 
England Plywood. The property was purchased by Reichhold from Watson Park in 1953. 
Reichhold owned the property from 1953 until June 1986 at which point it was sold to BTL 
Specialty Resins, Inc. (BTL). At the property, Watson Park, Reichhoid and BTL produced 
phenolic compounds and urea formaldehyde resins for use in many industries. 


BIL closed the facility in February 1990, and it has not been in operation since. In 
September 1996, Reichhold re-acquired the site from BTL for the purpose of facilitating 
remedial activities under the MCP. 


Summary of Comprehensive Response Actions 


The site was first listed in the MADEP’s August 1993 Transition List of Confirmed Disposal 
Sites and Locations to be Investigated (LTBI) on January 15, 1987 and was issued Release 
Tracking Number (RTN) 3-0208. In June 1995, Reichhold retained CH2M HILL to provide 
Licensed Site Professional (LSP) services for the site. Although BTL owned the property at 
the time, Reichhold assumed the lead role in the site remediation process and continued in 
that role after re-acquiring the site from BTL in 1996, On or before August 2, 1995, a Phase | 
- Initial Site Investigation (ISI) Report, a Numerical Ranking System {NRS) scoresheet, and a 
Tier Classification Submittal in accordance with the MCP regulations (310 CMR 40,0840, 
40,1500 and 40.0500) were submitted to the MADEP on behalf of Reichhold. The Phase I ISI 
identified three areas of concern: the former Equalization Basin Area (EBA), the former 
Landfill Area (LFA), and the former Manufacturing Area (FMA). In September 1996, 
subsequent to the Phase [ ISI submittal to the MADEP, the site was re-acquired by 
Reichhold in order to facilitate remedial activities under the MCP. 


Beginning in 1997, Reichhold conducted several MCP response actions at the site including 
extensive soil removal, in-situ groundwater treatment, and monitored natural attenuation 
(MNA). Soil remedial actions, consisting of source removal and offsite disposal, were 
successfully completed in January 1999 as documented in a Phase IV ~ Final Inspection 
Report (FIR) (CH2M HILL, July 1999). The primary approach for addressing residual soil 
and groundwater contamination at the site has been intrinsic bioremediation through MNA 
following source removal. In addition to MNA, soil and groundwater have been treated 
with Oxygen Release Compound (ORC®), EHC®, and in-situ chemical oxidation (ISCO) 
involving aikaline-activated sodium persulfate to enhance the natural biodegradation of the 
residual] contaminants. 


Detailed information relating to the site assessment and remedial response actions is 
provided in the following reports: 
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CH2M HILL, 1995. Phase I - Initial Site Investigation, 77 Lowell Junction Road, Andover, 
Massachusetts. RTN 3-0208. June 1995. 


CH2MHILL, 1996. Public Involvement Plan, 77 Lowell Junction Road, Andover, 
Massachusetts. RTN 3-0208. September 1996. 


CH2M HILL, 1997a. Analytical Report, Reichold-Andover, 77 Lowell Junction Road, 
Andover, MA RC917 RTN 3-0208. February 28, 1997. 


CH2M HILL, 1997b. Phase II - Comprehensive Site Assessment, 77 Lowell Junction Road, 
Andover, MA. RTN 3-0208. August 1997. 


CH2M HILL, 1997c. Phase HI - Remedial Action Plan, 77 Lowell Junction Road, Andover, 
MA. RTN 3-0208. October 1997. 


CH2M HILL, 1997d. Phase IV - Remedy Implementation Plan, 77 Lowell Junction Road, 
Andover, MA. RTN 3-0208. November 1997, 


CH2M HILL, 1999a. Phase IV - Final Inspection Report, 77 Lowell Junction Road, Andover, 
MA. RIN 3-0208. July 1999. 


CH2M HILL, 1999b. Well Abandonment Report, 77 Lowell Junction Road, Andover, MA. 
RIN 3-0208. July 1999, 


CH2M HILL, 1999c. Phase V - Operation, Maintenance, and Monitoring Report, 77 Lowell 
Junction Road, Andover, MA. RTN 3-0208. December 1999, 


CH2M HILL, 2000a. Phase IV - Remedy Implementation Plan Addendum, 77 Lowell 
Junction Road, Andover, MA. RTN 3-0208. June 2000. 


CH2M HILL, 2000b. Documentation Supporting a Class C Response Action Outcome 
Statement, 77 Lowell Junction Road, Andover, MA. RTN 3-0208. July 2000. 


CH2M HILL, 2000c. Phase V - Operation, Maintenance, and Monitoring Report, 77 Lowell 
Junction Road, Andover, MA. RTN 3-0208. July 2000. 


CH2M HILL, 2000d. Phase IV ~ Final Inspection Report Addendum, 77 Lowell Junction 
Road, Andover, MA. RTN 3-6208. December 2000. 


CH2M HILL, 2001. 2000 Post RAO Operation, Maintenance, and Monitoring Report, 77 
Lowell Junction Road, MA. RTN 3-0208. April 2001. 


CH2M HILL, 2002. 2001 Post RAO Operation, Maintenance, and Monitoring Report, 77 
Lowell Junction Road, MA. RTN 3-0208. May 2002. 


CH2M HILL, 2003. 2002 Post RAO Operation, Maintenance, and Monitoring Report, 77 
Lowell Junction Road, MA, RTN 3-0208. November 2003. 


CH2M HILL, 2004a. 2003 Post RAO Operation, Maintenance, and Monitoring Report, 77 
Lowell Junction Road, MA. RTN 3-0208. June 2004. 


CH2MHILL, 2004b. Phase IV - Remedy Implementation Plan Addendum, 77 Lowell 
Junction Road, Andover, MA. RTN 3-0208. June 2004. 
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CH2M HILL, 2004c. Class A-3 Permanent Solution Partial Action Outcome Statement - 
Parcel II [non-wetland portion]. RTN 3-0208. December 2004. 


CH2M HILL, 2004d. Documentation Supporting a Class A-2 Permanent Solution Partial 
Response Action Outcome (RAO) Statement - Parcel II], 77 Lowell Junction Road, 
Andover, MA. RTN3-0208 November 2004. 


CH2M HILL, 2004e. Documentation Supporting a Class A-3 Permanent Solution Partial 
Response Action Outcome (RAO) Statement - Parcel Il [non-wetland portion]. 77 Lowell 
Junction Road, Andover, MA. RTN3-0208 December 2004. 


CH2M HILL, 2004f. Documentation Supporting a Class A-3 Permanent Solution Partial 
Action Outcome Statement - Parcel ] Former Landfill Area. 77 Lowell Junction Road, 
Andover, MA. RTN 3-0208. December 2004. 


CH2M HILL, 2004g. Activity and Use Limitation - Parcel ] Former Landfill Area, 77 Lowell 
Junction Road, Andover, MA RTN 3-0208 December 2004. 


CH2M HILL, 2005a. 2004 Post RAO Operation, Maintenance, and Monitoring Report, 77 
Lowell Junction Road, MA RTN 3-0208. July 2005. 


CH2M HILL, 2005b. Class-C RAO Temporary Solution Five Year Periodic Review Opinion 
Statement, 77 Lowell Junction Road, Andover, MA RTN 3-0208 July 2005 


CH2M HILL, 2005c. Phase IV - Final Inspection Report Addendum, 77 Lowell Junction 
Road, MA RTN 3-0208. November 2005. 


CH2M HILL, 2005d. Amendment to Notice of Activity and Use Limitation - Parcel IT (not 
including the wetlands area), 77 Lowell Junction Road, Andover, MA RTN 3-0208 
December 2005. 


CH2M HILL, 2006a. Remedy Implementation Plan Addendum, 77 Lowell Junction Road, 
Andover, MA RTN 3-0208 May, 2006. 


CH2M HILL, 2006b. 2005 Post RAO Operation, Maintenance, and Monitoring Report, 77 
Lowell Junction Road, MA RTN 3-0208. October 2006. 


CH2M HILL, 2007. 2006 Post-Class C Response Action Outcome Status Report, 77 Lowell 
Junction Road, MA RTN 3-0208. October 2007. 


CH2M HILL, 2008a. January ~ June 2007 Post RAO Operation Maintenance, and 
Monitoring Report, 77 Lowell Junction Road, Andover, MA RTN 3-0208. January 2008. 


CH2M HILL, 2008b. July - December 2007 Post RAO Operation Maintenance, and 
Monitoring Report, 77 Lowell Junction Road, Andover, MA RTN 3-0208. April 2008. 


CH2M HILL, 2008c. Activity and Use Limitation Amendment, Parcel I - Former Landfill 
Area, 77 Loweil Junction Road, Andover, MA RTN 3-0208 June 2008. 


CH2M HILL, 2008d. Phase IV-Final Inspection Report - Addendum, 77 Lowell Junction 
Road, Andover, MA RTN 3-0208 June 2008. 
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CH2M HILL, 2008e. Documentation Supporting a Class A-3 Permanent Solution Partial 
Response Action Outcome (RAO) Statement - Parcel I Landfill Area. 77 Lowell Junction 
Road, Andover, MA RTN3-0208 July 2008. 


CH2M HILL, 2008f. January - June 2008 Post RAO Operation, Maintenance, and Monitoring 
Report, 77 Lowell Junction Road, MA RTN 3-0208. November 2008. 


CH2M HILL, 2009a. Documentation Supporting a Class A-3 Permanent Solution Partial 
Response Action Outcome Statement - Parcel II Wetlands Area, RTN 3-0208 March 2009. 


CH2M HILL, 2009b. Revised Documentation Supporting a Class A-3 Permanent Solution 
Partial Response Action Outcome Statement - Parcel I Former Landfill Area, RTN 3- 
0208. April 2009. 


CH2M HILL, 2009¢. July - December 2008 Post RAO Operation, Maintenance, and 
Monitoring Report, 77 Lowell Junction Road, MA RTN 3-0208. July 2009. 


CH2M HILL, 2009d. January - June 2009 Post RAO Operation, Maintenance, and 
Monitoring Report, 77 Lowell Junction Road, MA RTN 3-0208. September 2009. 


CH2M HILL, 2010. July - December 2009 Post RAO Operation, Maintenance, and 
Monitoring Report, 77 Lowell Junction Road, MA RTN 3-0208. June 2010. 


CH2M HILL, 2011a. January - December 2010 Post RAO Operation, Maintenance, and 
Monitoring Report, 77 Lowell Junction Road, MA RTN 3-0208. April 2011. 


CH2M HILL, 2011b, January ~ June 2011 Post RAO Operation, Maintenarxe, and 
Monitoring Report, 77 Lowell Junction Road, Andover, MA RIN 3-0208. December 2011. 


CH2M HILL, 2012. July - December 2011 Post RAO Operation, Maintenance, and 
Monitoring Report, 77 Lowell Junction Road, Andover, MA RTN 3-0208. March 2012. 


These reports are available for review at the following locations: 


Massachusetts Department of Environmental Protection, Northeast Regional Office, 205B 
Lowell Street Wilmington, Massachusetts or the MADEP web site, 
http:/ / public.dep.state.ma.us/ fileviewer /Rtn.aspx?rtn=3-0000208. 


The Andover Memorial Library, Reference Desk in Andover, Massachusetts 
The Andover Board of Health, Town Offices, Bartlett Street in Andover, Massachusetts 


History of Response Actions - Parcel | Former Manufacturing Area 


In 1998, remedial activities were performed at the former Manufacturing Area (FMA) 
portion of the site. Remedial actions included excavation and off-site disposal of 
contaminated soils /resins, removal of a concrete tank farm, excavation of a 500-gallon 
concrete sump within the loading dock area of the former manufacturing building, 
excavation of the kettle building sump, and removal of wastes and stormwater piping 
(CH2M HILL, 1999a}, Excavated areas were backfilled with imported fill. The Andover 
Conservation Commission approved alternative restoration involving placement of a woven 
geotextile barrier and six inches of 3-inch minus stone over al] excavation areas and areas 
where asphalt had been removed (CH2M HILL, 1999a). 
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In July 2000 and October/November 2001, FMA groundwater was treated with Oxygen 
Release Compound (ORC®) to enhance the natural biodegradation of the residual 
contaminants. Details of the ORC® applications are discussed in the Phase IV - FIR 
Addendum (CH2M HILL, December 2000d), and previous Operational, Maintenance and 
Monitcring Reports (OMM) (CH2M HILL, 2000c, 2001, and 2002). 


A 2003 direct push technology (DPT) study indicated that an upgradient source of 
ethylbenzene was still present in the FMA, specifically in the former manufacturing 
building (2003 Post-RAO OMM Report, CH2M HILL, 2004). Based on these results, the 
former manufacturing and former kettle buildings were demolished in 2004 and additional 
subsurface soils were excavated and disposed of off-site. A detailed summary of the 
remedial activities conducted at the FMA can be found in the Phase IV - Final Inspection (FI) 
Report (CH2M HILL, 1999a) and the Phase IV- FIR Addendum (CH2M HILL, 2005b). 


In September 2004, EHC®, a combination of controlled-release solid carbon and zero-valent 
iron (ZVJ) particles that stimulate bioremediation of persistent organic solvents in 
groundwater and source zones, was applied to groundwater via trenches. The EHC® 
application was identified in the 2004 OMM report (CH2M HILL, 2005a). 


With the exception of a June 2006 in-situ chemical oxidation (ISCO) application (further 
described below), activities at the FMA since 2004 have included routine groundwater 
sampling to assess MNA and soil investigation activities (testpitting, soil boring 
advancement and subsurface soil sampling, concrete pad removal, surface soil sampling, 
and surface water sampling) to determine if additional source areas exist within the former 
FMA. No additional source areas have been identified. 


In June 2006, 12,500 lbs of activated sodium persulfate and 2,250 ibs of sodium hydroxide 
were injected into the FMA groundwater. Post ISCO groundwater sampling documented 
that the primary COCs, xylene and ethylbenzene, were reduced by 88% to 99% in four of the 
six observations wells, and 25 to 55% in the other two wells. OMM groundwater sampling 
conducted since 2007 indicates that constituents of concern still are present at the site, but 
have been declining since monitoring was initiated. 


Reason for Activity and Use Limitation (AUL) 


A Method 3 (site-specific) risk characterization was performed for the area inclusive of the 
FMA Portion of the Property Subject to AUL. The Method 3 concludes that the area poses 
no significant risk (NSR) to human health, safety, public welfare or the environment under 
current industrial / commercial land usage. The expected future use is to be restricted by 
AUL to industrial and recreational uses consistent with the Method 3, to assure that the 
FMA poses NSR for the authorized future uses. 


This AUL Opinion describes prohibitions relating to human access and contact with any 
residual oi] and/or hazardous material still remaining in soil and groundwater. This AUL 
requires a Health and Safety Plan and oversight by an LSP in the event that subsurface 
activities are proposed to be undertaken. Activities and uses consistent and inconsistent 
with this AUL Opinion, as well as obligations and conditions, are identified below. 


1. Activities and Uses Consistent with the AUL Opinion. This AUL Opinion provides 
that a condition of No Significant Risk to health, safety, public welfare or the 
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environment exists for any foreseeable period of time (pursuant to 310 CMR 40.0000) 
for the following activities and uses within the Portion of the Property Subject to 
AUL: 


(i) Commercial, industrial, and/or recreational uses and activities, including, 
but not limited to, pedestrian and vehicular traffic, landscaping, and 
routine maintenance of landscaped areas which do not cause and/or result 
in the disturbance of surface or subsurface soils below a depth of four (4) 
inches; 

(ii) Subsurface utility and/or subsurface construction activities including, 
excavation, subsurface drilling, and construction of any structures, 
provided that the activity is conducted in accordance with a Soil 
Management Plan developed by a Licensed Site Professional (LSP) prior to 
the initiation of such activites. Emergency repairs of existing utilities may 
be conducted without LSP involvement; 

(iii) Construction or renovation of buildings in the area provided slab-on-grade 
design/construction is utilized and includes engineered vapor intrusion 
controls, unless in the Opinion of a LSP these measures are not required to 
maintain a condition of No Significant Risk; and 


(iv)Such other activities and uses which, in the Opinion of an LSP, shall present 
no greater risk of harm to health, safety, public welfare or the environment 
than the activities and uses set forth in this paragraph. 


2. Activities and Uses Inconsistent with the AUL Opinion. Activities and uses which 


are inconsistent with the objectives of this Notice of Activity and Use Limitation, and 
which, if implemented within the Portion of the Property Subject to AUL, may result 
in a significant risk of harm to health, safety, public welfare or the envizonment or in 
a substantial hazard, are as follows: 


{i} Use as a residence, school, daycare, or nursery; 


(ii) Use for commercial or non-commercial agricultural or farming purposes 
such as the cultivation of produce, crop growing, or the rearing of livestock; 


(iii)Any subsurface utility and/or subsurface construction activities not 
conducted in accordance with Obligations and Conditions (i) and (ii) or 
other provisions of this Notice of AUL; 


(iv)Relocation of soils to shallower depths unless such an activity is first 
evaluated by a LSP who renders an Opinion which attests that a condition 
of No Significant Risk of harm to human health, safety, public welfare, or 
the environment is maintained in accordance with the MCP; and 


(v) Construction or renovation of any building at the site without prior 
evaluation and rendering of an Opinion by a Licensed Site Professional 
(LSP) as to the need for engineered vapor intrusion controls for 
maintaining a condition of No Significant Risk. 
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3. Obligations and Conditions Set Forth in the AUL Opinion. Obligations and 


conditions applicable to the Portion of the Property Subject to AUL to maintain a 
condition of No Significant Risk include the following: 


(i) New building construction or renovation of existing buildings must be 
evaluated by an LSP to ensure that the basis and assumptions behind the 
risk assessment contained in the supporting Response Action Outcome 
{RAQO) statement remain valid (ie. the risk characterization assumptions 
are still applicable and new designs include engineered vapor intrusion 
controls); and 


(ii) A Soil Management Plan must be developed by a Licensed Site Professional 
and implemented prior to commencement of any subsurface, utility and/or 
construction activities that is likely to disturb surface or subsurface soils 
greater than four (4) inches in depth. The Soil Management Plan should 
describe appropriate soil excavation, handling, storage, transport, and 
disposal procedures and include a description of the engineering controls 
and air monitoring procedures necessary to ensure that workers and 
receptors in the vicinity are not affected by fugitive dust or particulates. 
On-site workers must be informed of the requirements of the Soil 
Management Plan, and the plan must be available on-site throughout the 
course of the project; 


(iii) Applicable worker health and safety practices set forth in 29 CFR 1910, 29 
CFR 1926, and the MCP (310 CMR 40.0018) must be followed prior to and 
during any subsurface, utility and/or construction activities likely to 
disturb surface or subsurface soils greater than four (4) inches im depth or 
any activity including removal and/or disturbance of existing pavement or 
soil containing residual constituents. A Health and Safety Plan must be 
prepared by a Certified Industrial Hygienist or other qualified individual 
sufficiently trained in worker health and safety and be implemented prior 
to the commencement of any activities requiring the plan. The plan should 
describe the activity and specifically identify the types of personal 
protective equipment, monitoring devices, and engineering controls 
necessary to ensure that workers are not exposed to constituents through 
dermal contact, ingestion, and/or the inhalation of particulate dusts. 
Workers who may come in contact with soi] must be informed of the 
location of residual constituents and all requirements of the Health and 
Safety Plan. The plan must be available on-site throughout the course of the 
project; and 


(iv)Response actions must be conducted in accordance with the Massachusetts 
Contingency Plan, 310 CMR 40.0000, should an LSP Opinion rendered 
pursuant to Obligation (i) conclude that future site uses and activities, 
including exposures associated with future building construction and 
occupation, are inconsistent with maintaining a condition of No Significant 
Risk. 
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Any person interested in obtaining additional information or reviewing the Notice of 
Activity and Use Limitation and the disposal site file may contact Mr. John Oldham, 
Reichhold, Inc., P.O. Box 13582 Research Triangle Park, NC 27709 or at telephone number 
(919) 990-7789, 







LSP: D. 
RENDALL 
No. 94615 
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REICHHOLD 


REICHHOLD, INC. 
[INCUMBENCY AND AUTHORITY CERTIFICATE 
1, Roger L.. Willis, Chief Financial Officer and Treasurer REICHHOLD, Inc. a corporation 
validly organized and existing under the laws of the State of Delaware (the “Company”). DO HEREBY 


CERTIFY that: 


1]. John Oldham is the Director of Site Remediation of the Company, duly appointed and 
qualified by the Company, and authorized to execute documents and instruments on behalf of 
the Company; 

2. Pursuant to authority granted in the Bylaws of the Company and by the Authority 
Limitations, a Director shall have the power to execute all bonds, mortgages, contracts and 
any other instruments of the Company, and including specifically the authority to negotiate 
and conclude Safety, Health & Environment agreements with appropriate authorities, and 

3. John Oldham, as a Director of the Company, has appropriate authority to sign the Notice 
Activity and Use Limitation Agreement - Parcel I Former Manufacturing Area (MA DEP 


RTN 3-0208). 
rs ie 
WITNESS my hand aad seal this day of December, 2012. 


REICHHOLD INC. 


0y foam tbl 
oger L. Willis 


Seal 


919-990-7500 - 800-44B-3482 + P.O. Box 13582, Research Triangle Park, NC 27709 USA « 2400 Ellis Road, Durnam, NC 27703 USA » www. reichhold.com 
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LEGAL DESCRIPTION 


AUL — FORMER MANUFACTURING AREA 


A parcel of iond tocoted on, the north side of Lowel Junction f beginning ot the 
southwest corner, at a point on the north sideline of Lowell Junc’ Road, at land of 
Genetics institute, thee running: 


N 19° 50° 50" W 425.53" cong lend of Genetics Inetitute: ine. to 9 t on 
the south bank of the Showsheen River, Sree 

Easterly 1053'+ con the south bonk A the Shawsheen River to 

t at ne lond of Mossochusetts Boy 

Fronsportat Authority, thence 

S 64° 40° 20° E 135.84' dong land of the Mossochusetts Bay 

ation y  aulhvortty toa tere ‘ot 

hor ‘eo 8B, 

S 06° 41° 53° w 492.44’ See Se ee ce ee ee 

cong @ curve to along 

Lowell Junction Ri 

R=4025.00° L=340.12' to a point, thence along Lowell Junction Rood 

S 69° 44° 22" Ww 209.00" to a point, thence along Lowell Junction Rood 

S$ 69° 20° 12" Ww 335.36" to a point, thence along Lowell: Junction Rood 

S 70° 35’ 04" Ww 42.60° to a point ot land of Genetics institute, inc. 


said point being the point of beginning. 


Said parcel contains 463,543 squore feet or 10.6415 acres of lond oreo ond is shown as 
AUL-FORMER MANUFACTURING AREA on PLAN OF AUL-FORMER MANUFACTURING AREA in 
Massachusetts prepored for Reichhold Chemicals, inc. Date December 4, 2012 

Scale 1"=100° by Merrimack Engineering Services, inc., 66 Park Street, 

Andover, MA 01810. 


Andover, 




















EXISTING GRAVEL ROAD BEING THE RIGHT 
OF WAY IN DEED BOOK 1028 PAGE 231 


26° WIDE ACCESS EASEMENT SHOWN ON 


TIE LINE ONLY NOT PROPERTY LINE 


=31,796 S.F. 
=0.7299 AC. 





PLAN BY OAK ENGINEERS DATED 1/20/06 


1. SEE PLANS RECORDED IN E.N.D.R.D. AS 
#7151, 11448, 2800, 13859, 15315, & 15316 
AND DEED BOOK 4609 PAGE 63 PARCEL 4 FOR SITE. 


2. SEE TOWN OF ANDOVER ASSESSORS MAP 159 LOTS #1-#4. 


3. SEE PLAN #14964 ESSEX NORTH DISTRICT REGISTRY 
OF DEEDS FOR THIS SITE. 


4. AUL AREAS DESCRIBED IN CONFIRMATORY AMENDMENT TO 
NOTICE OF ACTIVITY AND USE LIMITATION — PARCEL | 
FORMER LANDFILL AREA BOOK 11552 PAGE 129 THROUGH 156; 
SEE PLAN #16085. 





FOR REGISTRY USE 


N/F 
REICHHOLD CHEMICALS, INC 


"| HEREBY CERTIFY THAT THE PROPERTY LINES 

SHOWN ON THIS PLAN ARE THE LINES DIVIDING 
EXISTING OWNERSHIPS, AND THE LINES OF THE 
STREETS AND WAYS SHOWN ARE THOSE OF PUBLIC 

OR PRIVATE STREETS OR WAYS ALREADY 

ESTABLISHED, AND THAT NO NEW LINES FOR 

DIVISION OF EXISTING OWNERSHIP OR FOR NEW 

WAYS ARE SHOWN AND THIS PLAN CONFORMS TO THE 
RULES AND REGUNATIONS OF THE REGISTRY OF DEEDS.” 


12/17/12 
DATE 





PLAN OF AUL—FORMER MANUFACTURING AREA 
ANDOVER, MASSACHUSETTS 


PREPARED FOR 
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DATE: DECEMBER 17, 2012 
50’ 100° 200° 300’ 
SCALE: 1"=100° 
1°=60’ 
o 2° 650 100° 150° 


| MERRIMACK ENGINEERING SERVICES 
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Attachment E - Data Usability Evaluation 





TECHNICAL MEMORANDUM CH2MIHILL 


Data Quality Review of Reichhold Andover Analytical 
Data - Former Manufacturing Area (FMA) 
2006 Sampling 


PREPARED FOR: Reichhold, Inc. 
PREPARED BY: CH2M HILL, Inc. 
DATE: November 1, 2012 


For this data evaluation, the precision, accuracy, and completeness of analytical results were 
ascertained by reviewing laboratory case narratives. All laboratory reports were 
accompanied by a case narrative. Laboratory QC forms, if provided, were used to verify 
any QC deficiencies noted in the laboratory case narratives. Samples were analyzed by one 
or more of the following methods: Volatiles by SW-846 8260B, Phenolic acids by SW-846 
8270C, Methane by RSK-175, Total Organic Carbon by EPA 415.1, Formaldehyde by EPA 
8315A Metals by SW-846 6010, Alkalinity by EPA 310.1, Nitrate by EPA 300.0, Sulfate by 
EPA 300.0, and Sulfide by EPA 376.1. 


SDGs from 2006 included a certification pertaining to the analytical procedures and 
associated QC criteria and performance standards for all data included in the report. This 
included a series of “yes” or “no” questions, followed by a statement attesting to the 
accuracy and completeness of those responses and of the attached laboratory report. In each 
case, questions A, B, and C were designated “yes” (or N/A). In some cases, questions D 
and/or E were designated “no”, but an affirmative response to questions D and E is not 
required for “presumptive certainty” status. 


This data quality review pertains only to samples used in the human health risk assessment 
addendum (HHRAA). These samples are outlined in Table D-1 of the HHRAA. 


57960 (December, 2006): 
Volatiles: 


The case narrative noted that the laboratory control sample duplicate (L812156B2) had 
recoveries for Chloromethane and Trichlorofluoromethane outside the laboratory 
acceptance criteria but within the MCP CAM acceptance criteria, therefore this is not 
expected to have an effect on the quality of data.. The MS/MSD analyzed on sample 
(CHMW-9) had recoveries outside the acceptance criteria for tert-Butylbenzene, n-butyl 
benezene, and 1,2,4-Trimethylbenezene. Data are not qualified based on MS/MSD 
exceedances alone, and the laboratory control sample was characterized by acceptable 
recovery for these compounds; therefore this is not expected to have an effect on the quality 
of data. 
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Phenolic Acids: 


There were no issues noted in the case narrative for this fraction of this SDG. 


Total Organic Compound: 


There were no issues noted in the case narrative for this fraction of this SDG. 
57965 (December, 2006): 
Volatiles: 


The case narrative noted that sample GP-17, GP-16, and GP-16D did not have 
Ethylbenezene results reported below the quantitation limits due to it’s presence in the 
labatory blank below the quanatation limits. Results above the quantitation limit were 
reported without qualification. The laboratory control sample duplicates (L812156B2) had 
recoveries for Chloromethane and Trichlorofluoromethane, (L812156B4) had recoveries for 
Dichlorodifluoromethane and Chloromethane, and (L812186B4) had recovery for 
Chloromethane, all outside the laboratory acceptance criteria but within the MCP CAM 
acceptance criteria, therefore this is not expected to have an effect on the quality of data.. 
The MS/MSD analyzed on sample (CHMW-9) had recoveries outside the acceptance criteria 
for tert-Butylbenzene, n-butyl benezene, and 1,2,4-Trimethylbenezene. Data are not 
qualified based on MS/MSD exceedances alone, and the laboratory control sample was 
characterized by acceptable recovery for these compounds; therefore this is not expected to 
have an effect on the quality of data. 


Phenolic Acids: 





The case narrative noted that Phenol had low recovery in the MS analyzed on sample 
(CHMW-9). Data are not qualified based on MS/MSD exceedances alone, and the 
laboratory control sample was characterized by acceptable recovery for these compounds; 
therefore this is not expected to have an effect on the quality of data. 


Methane: 


The case narrative noted that the MS/MSD analyzed on sample (CHMW-9) did not meet 
acceptance criteria for Methane due to high concentrations of Methane in sample. Data are 
not qualified based on MS/MSD exceedances alone, and the laboratory control sample was 
characterized by acceptable recovery for these compounds; therefore this is not expected to 
have an effect on the quality of data. 


Total Organic Compound: 

There were no issues noted in the case narrative for this fraction of this SDG. 
Metals: 

There were no issues noted in the case narrative for this fraction of this SDG. 
Wet Chemistry: 

There were no issues noted in the case narrative for this fraction of this SDG. 


57977 (December 2006): 
Volatiles: 
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The case narrative noted that sample GP-20, GP-09, and GP-18D did not have 
Ethylbenezene results reported below the quantitation limits due to it’s presence in the 
labatory blank below the quanatation limits. Results above the quantitation limit were 
reported without qualification. The laboratory control sample duplicates (L812156B2) had 
recoveries for Chloromethane and Trichlorofluoromethane, (L812156B4) had recoveries for 
Dichlorodifluoromethane and Chloromethane, and (L812186B4) had recovery for 
Chloromethane, all outside the laboratory acceptance criteria but within the MCP CAM 
acceptance criteria, therefore this is not expected to have an effect on the quality of data.. 
The MS/MSD analyzed on sample (CHMW-9) had recoveries outside the acceptance criteria 
for tert-Butylbenzene, n-butyl benezene, and 1,2,4-Trimethylbenezene. Data are not 
qualified based on MS/MSD exceedances alone, and the laboratory control sample was 
characterized by acceptable recovery for these compounds; therefore this is not expected to 
have an effect on the quality of data. 


Phenolic Acids: 





The case narrative noted that Phenol had low recovery in the MS analyzed on sample 
(CHMW-9). Data are not qualified based on MS/MSD exceedances alone, and the 
laboratory control sample was characterized by acceptable recovery for these compounds; 
therefore this is not expected to have an effect on the quality of data. 


TOC: 
There were no issues noted in the case narrative for these fractions of this SDG. 


Conclusion: 


Some results would likely be designated “estimated” during data validation as a result of 
QC exceedances. The estimation of results does not necessarily affect the usability of data in 
a negative manner. Estimated results are usable at their reported concentrations for 
evaluating the nature and extent of contamination and for estimating potentially associated 
human health and ecological risks. However, “estimated” results are somewhat inaccurate 
and the direction of bias is not known. Therefore, the data user should exercise caution and 
act conservatively when estimated results are close to the project action limit. 


Some results would likely be designated “biased low” or “biased high” during data 
validation as a result of OC exceedances. Biased results are similar to estimated results in 
that they are usable at their reported concentrations for evaluating the nature and extent of 
contamination and for estimating potentially associated human health and ecological risks. 
However, these results are somewhat inaccurate, and because the direction of bias is known, 
the data user should exercise caution and act conservatively when “biased low” results are 
less than the project action limit and when “biased high” results are greater than the project 
action limit. Some reanalysis results were designated “biased extremely low” and should 
not be used because of inaccuracy. This does not necessarily affect the completeness of the 
dataset because the original results are available for use. 


Several samples were characterized by elevated reporting limits (RLs) because of possible 
interference from the sample matrix. Elevated RLs also resulted from diluted analyses. The 
raised RLs were associated with non-detected results, and the data user must examine 
whether the raised RL is higher than that analyte’s project action limit. Otherwise, raised 
RLs have no effect on the reported data for the associated samples, as the results are still 
usable at the elevated RL. 
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Data Quality Review of Reichhold Andover Analytical 
Data - Former Manufacturing Area (FMA) 
2007 Sampling 


PREPARED FOR: Reichhold, Inc. 
PREPARED BY: CH2M HILL, Inc. 
DATE: November 1, 2012 


For this data evaluation, the precision, accuracy, and completeness of analytical results were 
ascertained by reviewing laboratory case narratives. All laboratory reports were 
accompanied by a case narrative. Laboratory QC forms, if provided, were used to verify 
any QC deficiencies noted in the laboratory case narratives. Samples were analyzed by one 
or more of the following methods: Volatiles by SW-846 8260B, Semi-volatile componds by 
SW-846 8270C, Metals by SW-846 6010B, Volatile Petroleum Hydrocarbons (VPH) by 
MADEP VPH Method Rev 1.1, Extracatable Petroleum Hydrocarbon (EPH) by MADEP 
VPH Method Rev 1.1, Total Organic Carbon by SW-846 415.1. 


SDGs from 2007 included a certification pertaining to the analytical procedures and 
associated QC criteria and performance standards for all data included in the report. This 
included a series of “yes” or “no” questions, followed by a statement attesting to the 
accuracy and completeness of those responses and of the attached laboratory report. In each 
case, questions A, B, C, and D were designated “yes” (or N/A). In some cases, questions E 
and/or F were designated “no”, but an affirmative response to questions E and F is not 
required for “presumptive certainty” status. 


This data quality review pertains only to samples used in the human health risk assessment 
addedndum (HHRAA). These samples are outlined in Table D-1 of the HHRAA. 


58597 (April 2007): 


Volatiles: 

The case narrative indicated that some volatiles results were characterized by elevated 
reporting limits as a result of dilution. The data user must examine whether the raised RL is 
higher than that analyte’s project action limit, but in most cases, dilutions result from 
elevated concentrations of compounds. 


The case narrative noted that recovery for some compounds exceeded the upper control 
limit in the matrix spike/ matrix spike duplicate pair. Because acceptable LCS recovery was 
demonstrated for these compounds, any difficulties in the detection or quantification of 
these compounds is likely related to matrix effects. This QC exceedance is not expected to 
affect the data quality. 


The case narrative noted that vinyl chloride and dichlorodifluoromethane exceeded the 
labatory acceptance criteria in the laboratory control sample. These analytes were not 
detected in any samples for this SDG and results were reported without qualification. 
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Semivolatiles: 

The case narrative indicated that some semivolatiles results were characterized by elevated 
reporting limits as a result of matrix spike and matrix spike duplicate interference. The data 
user must examine whether the raised RL is higher than that analyte’s project action limit. 


The case narrative noted that the analyte dimethyl phthalate had low recovery in the 
laboratory control sample. Low LCS recovery demonstrates difficulty in the detection and 
quantification of these compounds in related samples. Detects for dimethyl phthalate 
should be considered “estimated” and “biased low”. Nondetects for dimethyl phthalate 
should be considered “nondetect, estimated reporting limit”. 


The case narrative noted that acetophenone had high recovery in the laboratory control 
sample. High LCS recovery demonstrates a possible high bias for this compound in related 
samples. Detects for acetophenone should be considered “estimated” and “biased high”. 


VPH: 

The case narrative noted that 2,2,4-Trimethylpentane exceeded the upper control limit in the 
laboratory control sample. High LCS recovery was noted for 2,2,4-Trimethylpentane in the 
MS/MSD. High LCS recovery demonstrates a possible high bias for this compound in 
related samples. Detects for 2,2,4-Trimethylpentane should be considered “estimated” and 
“biased high”. 


EPH: 


The case narrative noted that labatory control sample duplicate had low recovery for C9 and 
C10. The ranges were in control. Results were reported without qualifaction. 


58621 (April 2007): 


Volatiles: 

The case narrative noted that the MS was characterized by recovery values outside of 
control limits. Data are not qualified based on MS/MSD exceedances alone, and the LCS 
was characterized by acceptable recovery for these compounds; therefore this is not 
expected to have an effect on the quality of data. The LCS was characterized by high 
exceedances for dichlorodifluoromethane and vinyl chloride. All related samples are 
nondetect; therefore this is not expected to have an effect on the quality of data. 


Semivolatiles: 
There were no issues noted in the case narrative for these fractions of this SDG. 


VPH: 

The case narrative noted that 2,2,4-Trimethylpentane had a high recovery in th MS/ MSD. 
High LCS recovery demonstrates a possible high bias for this compound in related samples. 
All related samples are nondetect; therefore this is not expected to have an effect on the 
quality of data. 


EPH: 


There were no issues noted in the case narrative for these fractions of this SDG. 
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58674 (May 2007): 

Volatiles: 

The case narrative indicated bromomethane had low recovery in the labatory control 
sample. All related samples are nondetect; therefore this is not expected to have an effect on 
the quality of data. 

Phenolic acids: 

The case narrative indicated phenol and 4-nitrophenol had low percent recoveries in the 
labatory control sample. All related samples are nondetect; therefore this is not expected to 
have an effect on the quality of data 


Total Organic Compound: 

There were no issues noted in the case narrative for these fractions of this SDG. 
58675 (May 2007): 

Volatiles: 

The case narrative indicated bromomethane had low recovery in the labatory control 


sample. All related samples are nondetect; therefore this is not expected to have an effect on 
the quality of data. 


Semivolatiles: 
Phenol and 4-Nitrophenol had low percent recoveries in laboratory control samples. The 
analytes were not detected in this SDG and results were reported without qualification. 


VPH: 
There were no issues noted in the case narrative for these fractions of this SDG. 





EPH: 


There were no issues noted in the case narrative for these fractions of this SDG. 


Total Organic Compound: 


There were no issues noted in the case narrative for these fractions of this SDG. 


58684 (May 2007): 
Volatiles: 


The case narrative indicated bromomethane had low recovery in the labatory control 
sample. All related samples are nondetect; therefore this is not expected to have an effect on 
the quality of data. 


The case narrative indicated Dichlorodifluoromethane had recovery above the acceptance 
criteria in laboratory control sample. The laboratory control sample duplicate was in control 
for all analytes. Results were reported without qualification. 
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Semivolatiles: 

The case narrative indicated Phenol and 4-Nitrophenol had low percent recoveries in 
laboratory control samples. The analytes were not detected in this SDG and results were 
reported without qualification. 


The case narrative indicated d12-Perylene had low recovery of internal standard. The 
sample was reanalyzed with similar results. No target analytes were associated with 
internal standard d12-Perylene. Results were reported with a comment concerning the low 
internal standard recovery. 


VPH: 
There were no issues noted in the case narrative for these fractions of this SDG. 
EPH: 


There were no issues noted in the case narrative for these fractions of this SDG. 


Total Organic Compound: 


There were no issues noted in the case narrative for these fractions of this SDG. 


58973 (June 2007): 
Volatiles: 


The case narrative indicated the laboratory control sample analyzed had recovery above the 
acceptance criteria for Methylene chloride. All related samples are nondetect; therefore this 
is not expected to have an effect on the quality of data. 

The case narrative indicated Dichlorodifluoromethane had recovery above the acceptance 
criteria in laboratory control sample. The laboratory control sample duplicate was in control 
for all analytes. Results were reported without qualification. 

The case narrative indicated that due to presence of high concentration of analytes sample 
(SED2-CH12) was only analyzed as a methonal extract. The sample was also submitted for 
MS/MSD but the laboratory was unable to run it as a required dilution. 


Semivolatiles: 

The case narrative indicated some analytes had recoveries outside the laboratory acceptance 
criteria in the MS/MSD analyzed on sample (SED2-CH12) due to concentrations of these 
analytes in the sample. The laboratory control samples were in control for all analytes. 
Results were reported without qualification. 


VPH: 


The case narrative indicated ethylbenzene and xylenes had recoveries outside the laboratory 
acceptance criteria in the MS/MSD analyzed on sample (GED2-CH12). The laboratory 
control samples were in control for all analytes. 


EPH: 


There were no issues noted in the case narrative for these fractions of this SDG. 


Total Organic Compound: 


There were no issues noted in the case narrative for these fractions of this SDG. 
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58974 (June 2007): 


Volatiles: 

The case narrative indicated several analytes had RPDs above acceptance criteria in the 
laboratory control samples. M+p-Xylene had high RPD in the MS/MSD analyzed on 
sample (SW2-CH12). Results were reported without qualification. 


Semivolatiles: 

The case narrative indicated the labatory control sample duplicate had low recovery and a 
high RPD for 2,4-Dinitrophenol. The MS/MSD analyzed on sample (SW2-CH12) had low 
recovery for Phenol. Results were reported without qualification. 

VPH: 

There were no issues noted in the case narrative for these fractions of this SDG. 





EPH: 


The case narrative indicated the laboratory control samples had low recovery for C9 and 
C10. The ranges were in control. C10 had a low recovery in the MS/MSD analyzed on 
sample (SW2-CH12). Results were reported without qualification. 


Total Organic Compound: 


There were no issues noted in the case narrative for these fractions of this SDG. 
59253 (July 2007): 


Volatiles: 


The case narrative indicated (DUP 3-TP) had a high recovery for bromofluorobenzene 
surrogate. The sample was reanalyzed with similar results. Results were reported with a 
comment to this affect. 


The case narrative indicated dichlorodifluoromethane had %D outside the acceptance 
criteria in the continuing calibration standard. The laboratory control sample had recoveries 
outside the laboratory acceptance criteria for chloromethane and vinyl chloride. The 
laboratory control sample was reanalyzed with all analytes in control except chloromethane. 
The MS/MSD analyzed on sample (TP-3-US) had several analytes with recoveries and RPDs 
outside the laboratory acceptance criteria due to matrix affect. 


The case narrative indicated the laboratory control sample duplicate analyzed had 
marginally low recovery for chloromethane and methylene chloride. The laboratory control 
sample was in control for all analytes. Results were reported without qualification. 


Semivolatiles: 

The case narrative indicated the laboratory control and the laboratory control sample 
duplicate had low recovery for 2,4-Dinitrophenol. The MS/MSD analyzed on sample (TP-1- 
0-2) had low recovery for 2,4-Dinitrophenol. Results were reported with a comment that 
2,4-Dinitrophenol did not meet acceptance criteria. 

VPH: 


The case narrative indicated the MS/MSD on sample (TP-3-US) did not meet acceptance 
criteria for some analytes due to matrix affect. The laboratory control samples were in 
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control for all analytes. Results were reported without qualification. The MSD had low 
surrogate recoveries. 


EPH: 


The case narrative indicated the laboratory control samples had low recovery for 
benzo(g,h,i) perylene in the MSD. The laboratory control samples for the batch were in 
control for all analytes and results were reported without qualification. 


Total Organic Compound: 


There were no issues noted in the case narrative for these fractions of this SDG. 
59885 (October 2007): 


Volatiles: 


cated chloromethane had %D outside the acceptance criteria in the continuing calibration 
standard. The laboratory control sample was in control for all target analytes. Results were 
reported without qualification. 


Semivolatiles: 
There were no issues noted in the case narrative for these fractions of this SDG. 


Total Organic Compound: 


There were no issues noted in the case narrative for these fractions of this SDG. 
60087 (October 2007): 


Volatiles: 


The case narrative indicated the laboratory control sample duplicate analyzed had a high 
recovery for tetrachlroethene. The laboratory control sample was in control for all analytes. 
Several analytes had recoveries outside the laboratory acceptance criteria in the MS/MSD 
analyzed on sample (CP-TF-Stain) due to matrix affect. The laboratory control samples 
were in control excepted as stated above. Results were reported without qualification. 


Semivolatiles: 

The case narrative indicated all sample on this SDG had low acid surrogate recoveries due 
to sample matrix affect. The samples were re-extracted and confirmed the orginial results. 
The results of both analysis were reported with a comment to this affect. The MS/MSD (CP- 
Garage) had several analytes with recoveries outside the laboratory acceptance criteria. The 
laboratory control samples were in control for all analytes. Results were reported without 
qualification. 


VPH: 

The case narrative indicated the laboratory control sample duplicate had high recovery for 
pentane. The laboratory control sample was in control for all analytes. Results were 
reported without qualification. 
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EPH: 
There were no issues noted in the case narrative for these fractions of this SDG. 
60512 (October 2007): 


Metals: 
There were no issues noted in the case narrative for these fractions of this SDG. 


Conclusion: 


Some results would likely be designated “estimated” during data validation as a result of 
QC exceedances. The estimation of results does not necessarily affect the usability of data in 
a negative manner. Estimated results are usable at their reported concentrations for 
evaluating the nature and extent of contamination and for estimating potentially associated 
human health and ecological risks. However, “estimated” results are somewhat inaccurate 
and the direction of bias is not known. Therefore, the data user should exercise caution and 
act conservatively when estimated results are close to the project action limit. 


Some results would likely be designated “biased low” or “biased high” during data 
validation as a result of OC exceedances. Biased results are similar to estimated results in 
that they are usable at their reported concentrations for evaluating the nature and extent of 
contamination and for estimating potentially associated human health and ecological risks. 
However, these results are somewhat inaccurate, and because the direction of bias is known, 
the data user should exercise caution and act conservatively when “biased low” results are 
less than the project action limit and when “biased high” results are greater than the project 
action limit. Some reanalysis results were designated “biased extremely low” and should 
not be used because of inaccuracy. This does not necessarily affect the completeness of the 
dataset because the original results are available for use. 


Several samples were characterized by elevated reporting limits (RLs) because of possible 
interference from the sample matrix. Elevated RLs also resulted from diluted analyses. The 
raised RLs were associated with non-detected results, and the data user must examine 
whether the raised RL is higher than that analyte’s project action limit. Otherwise, raised 
RLs have no effect on the reported data for the associated samples, as the results are still 
usable at the elevated RL. 
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Data Quality Review of Reichhold Andover Analytical 
Data - Former Manufacturing Area (FMA) 
2008 Sampling 


PREPARED FOR: Reichhold, Inc. 
PREPARED BY: CH2M HILL, Inc. 
DATE: November 1, 2012 


For this data evaluation, the precision, accuracy, and completeness of analytical results were 
ascertained by reviewing laboratory case narratives. All laboratory reports were 
accompanied by a case narrative. Laboratory QC forms, if provided, were used to verify 
any QC deficiencies noted in the laboratory case narratives. Samples were analyzed by one 
or more of the following methods: Volatiles by SW-846 8260B, Semi-volatile componds by 
SW-846 8270C, Volatile Petroleum Hydrocarbons (VPH) by MADEP VPH Method Rev 
1.1,Total Organic Carbon by SW-846 415.1. 


SDGs from 2008 included a certification pertaining to the analytical procedures and 
associated QC criteria and performance standards for all data included in the report. This 
included a series of “yes” or “no” questions, followed by a statement attesting to the 
accuracy and completeness of those responses and of the attached laboratory report. In each 
case, questions A, B, C, and D were designated “yes” (or N/A). In some cases, questions E 
and/or F were designated “no”, but an affirmative response to questions E and F is not 
required for “presumptive certainty” status. 


This data quality review pertains only to samples used in the human health risk assessment 
addendum (HHRAA). These samples are outlined in Table D-1 of the HHRAA. 


61513 (June 2008): 


Volatiles: 

The case narrative indicated quantitation limits for 1,2_dibromoethane, cis-1,3- 
dichloropropene, trans-1,3-dichloropropene, and hexachlorobutadiene may not meet 
regulatory standards for aqueous samples. All samples were characterized by elevated 
reporting limits as a result of dilution. Dilution was necessary because of elevated 
concentrations of target compounds. The laboratory control sample had high recovery for 
1,1-dichloroethene. The MS/MSD analyzed on sample (GM-2) had recovery above the 
acceptance criteria for 1,1-dichloroethene, 2-hexanone, methyl] isobutyl ketone and carbon 
disulfide. These analytes were detected in any sample associated with this QC and results 
were reported without qualification. 


Semivolatiles: 

The case narrative indicated due to method limitations, the quantitation limit for 
pentachlorophenol may not meet regulatory standards for aqueous samples. The laboratory 
control samples were in control for all target analytes. The MSD (GM-2) was low outside 
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the laboratory acceptance criteria by 1%. The MS had acceptable recovery. Results were 
reported without qualification. 


TOC: 
There were no issues noted in the case narrative for these fractions of this SDG. 


61618 (June 2008): 


Metals: 

The case narrative noted that zinc failed the MS/MSD recovery criteria low. The sample 
concentration was greater than four times the spike concentration. The associated LCS and 
LCSD recovered within control limits. 


The case narrative noted that samples required dilution prior to analysis. Dilution was 
necessary because of elevated concentrations of target compounds. The data user must 
examine whether the raised RL is higher than that analyte’s project action limit. 


62288 (September 2008): 
Volatiles: 


The case narrative indicated that due to ethane, cis-1,3-dichloropropene, trans-1,3- 
dichloropropene, and hexachlorobutadiene may not meet regulatory standards for aqueous 
samples. 


The case narrative indicated all sample except 62288-1 and 62288-8 requires dilutions due to 
high concentration of target analytes. The laboratory control sample (L810018B) had high 
recovery of 2-hexanone. 


The case narrative indicated the laboratory control sample duplicate had some analytes with 
high recoveries and high RPDs. The laboratory control sample was in control for all analyte 
recoveries. Results were reported without qualifications. Semivolatiles: 

The case narrative indicated the MS/MSD on sample 62288-1 had low surrogate recoveries 
and low recovery of the acid compounds. Results were reported without qualification. 


Total Organic Compound: 


There were no issues noted in the case narrative for these fractions of this SDG. 


62327 (September 2008): 
Volatiles: 


The case narrative indicated that due to ethane, cis-1,3-dichloropropene, trans-1,3- 
dichloropropene, and hexachlorobutadiene may not meet regulatory standards for aqueous 
samples. 


The case narrative indicated sample 62327-1 required dilutions due to high concentration of 

target analytes. The laboratory control sample (L810018B) had high recovery of 2-hexanone. 
The case narrative indicated the laboratory control sample duplicate had some analytes with 
high recoveries and high RPDs. The laboratory control sample was in control for all analyte 

recoveries. Results were reported without qualifications. 

Semivolatiles: 

There were no issues noted in the case narrative for these fractions of this SDG. 
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VPH: 
There were no issues noted in the case narrative for these fractions of this SDG. 


EPH: 


There were no issues noted in the case narrative for these fractions of this SDG. 


Total Organic Compound: 





There were no issues noted in the case narrative for these fractions of this SDG. 


Conclusion: 


Some results would likely be designated “estimated” during data validation as a result of 
QC exceedances. The estimation of results does not necessarily affect the usability of data in 
a negative manner. Estimated results are usable at their reported concentrations for 
evaluating the nature and extent of contamination and for estimating potentially associated 
human health and ecological risks. However, “estimated” results are somewhat inaccurate 
and the direction of bias is not known. Therefore, the data user should exercise caution and 
act conservatively when estimated results are close to the project action limit. 


Some results would likely be designated “biased low” or “biased high” during data 
validation as a result of OC exceedances. Biased results are similar to estimated results in 
that they are usable at their reported concentrations for evaluating the nature and extent of 
contamination and for estimating potentially associated human health and ecological risks. 
However, these results are somewhat inaccurate, and because the direction of bias is known, 
the data user should exercise caution and act conservatively when “biased low” results are 
less than the project action limit and when “biased high” results are greater than the project 
action limit. Some reanalysis results were designated “biased extremely low” and should 
not be used because of inaccuracy. This does not necessarily affect the completeness of the 
dataset because the original results are available for use. 


Several samples were characterized by elevated reporting limits (RLs) because of possible 
interference from the sample matrix. Elevated RLs also resulted from diluted analyses. The 
raised RLs were associated with non-detected results, and the data user must examine 
whether the raised RL is higher than that analyte’s project action limit. Otherwise, raised 
RLs have no effect on the reported data for the associated samples, as the results are still 
usable at the elevated RL. 
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Data Quality Review of Reichhold Andover Analytical 
Data - Former Manufacturing Area (FMA) 
2009 Sampling 


PREPARED FOR: Reichhold, Inc. 
PREPARED BY: CH2M HILL, Inc. 
DATE: November 1, 2012 


For this data evaluation, the precision, accuracy, and completeness of analytical results were 
ascertained by reviewing laboratory case narratives. All laboratory reports were 
accompanied by a case narrative. Laboratory QC forms, if provided, were used to verify 
any QC deficiencies noted in the laboratory case narratives. Samples were analyzed by one 
or more of the following methods: Volatiles by SW-846 8260B, Semi-volatile componds by 
SW-846 8270C, Total Organic Carbon by SW-846 415.1. 


SDGs from 2009 included a certification pertaining to the analytical procedures and 
associated QC criteria and performance standards for all data included in the report. This 
included a series of “yes” or “no” questions, followed by a statement attesting to the 
accuracy and completeness of those responses and of the attached laboratory report. In each 
case, questions A, B, C, and D were designated “yes” (or N/A). In some cases, questions E 
and/or F were designated “no”, but an affirmative response to questions E and F is not 
required for “presumptive certainty” status. 


This data quality review pertains only to samples used in the human health risk assessment 
addendum (HHRAA). These samples are outlined in Table D-1 of the HHRAA. 


64021 (June 2009): 


Volatiles: 

The case narrative indicated quantitation limits for 1,2-dibromoethane, cis-1,3- 
dichloropropene, trans-1,3-dichloropropene, and hexachlorobutadiene may not meet 
regulatory standards for aqueous samples. All samples except 65146-1 and 65146-9 were 
characterized by elevated reporting limits as a result of dilution. Dilution was necessary 
because of elevated concentrations of target compounds. The laboratory control sample had 
high recovery above laboratory acceptance criteria but within MCP criteria for 
tetrachloroethene and 2-chlorotoluene. 2-Hexanone had high recovery. Results were 
reported without qualification. 


Semivolatiles: 

The case narrative indicated due laboratory error the requested MS/ MSD was not extracted 
on sample (CHMW-120060509). The laboratory controls samples were in control for all 
target analytes. 


TOC: 
There were no issues noted in the case narrative for these fractions of this SDG. 
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65146 (October 2009): 


Volatiles: 

The case narrative indicated quantitation limits for 1,2-dibromoethane, cis-1,3- 
dichloropropene, trans-1,3-dichloropropene, and hexachlorobutadiene may not meet 
regulatory standards for aqueous samples. All samples except 65146-1 and 65146-9 were 
characterized by elevated reporting limits as a result of dilution. Dilution was necessary 
because of elevated concentrations of target compounds. 


TOC: 
There were no issues noted in the case narrative for these fractions of this SDG. 


Conclusion: 


Some results would likely be designated “estimated” during data validation as a result of 
QC exceedances. The estimation of results does not necessarily affect the usability of data in 
a negative manner. Estimated results are usable at their reported concentrations for 
evaluating the nature and extent of contamination and for estimating potentially associated 
human health and ecological risks. However, “estimated” results are somewhat inaccurate 
and the direction of bias is not known. Therefore, the data user should exercise caution and 
act conservatively when estimated results are close to the project action limit. 


Some results would likely be designated “biased low” or “biased high” during data 
validation as a result of OC exceedances. Biased results are similar to estimated results in 
that they are usable at their reported concentrations for evaluating the nature and extent of 
contamination and for estimating potentially associated human health and ecological risks. 
However, these results are somewhat inaccurate, and because the direction of bias is known, 
the data user should exercise caution and act conservatively when “biased low” results are 
less than the project action limit and when “biased high” results are greater than the project 
action limit. Some reanalysis results were designated “biased extremely low” and should 
not be used because of inaccuracy. This does not necessarily affect the completeness of the 
dataset because the original results are available for use. 


Several samples were characterized by elevated reporting limits (RLs) because of possible 
interference from the sample matrix. Elevated RLs also resulted from diluted analyses. The 
raised RLs were associated with non-detected results, and the data user must examine 
whether the raised RL is higher than that analyte’s project action limit. Otherwise, raised 
RLs have no effect on the reported data for the associated samples, as the results are still 
usable at the elevated RL. 
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PREPARED FOR: Reichhold, Inc. 
PREPARED BY: CH2M HILL, Inc. 
DATE: November 1, 2012 


For this data evaluation, the precision, accuracy, and completeness of analytical results were 
ascertained by reviewing laboratory case narratives. All laboratory reports were 
accompanied by a case narrative. Laboratory QC forms, if provided, were used to verify 
any QC deficiencies noted in the laboratory case narratives. Samples were analyzed for: 
Volatiles by SW-846 8260B. 


SDGs from 2010 included a certification pertaining to the analytical procedures and 
associated QC criteria and performance standards for all data included in the report. This 
included a series of “yes” or “no” questions, followed by a statement attesting to the 
accuracy and completeness of those responses and of the attached laboratory report. In each 
case, questions A, B, C, D, E, F, and G were designated “yes” (or N/A). In some cases, 
questions H and/or I were designated “no”, but an affirmative response to questions H and 
lis not required for “presumptive certainty” status. 


This data quality review pertains only to samples used in the human health risk assessment 
addendum (HHRAA). These samples are outlined in Table D-1 of the HHRAA. 


67572 (August 2010): 


Volatiles: 

The case narrative indicated due to method limitations, the quantitation limits for 1,2- 
dibromoethane, cis-1,3-dichloropropene, trans-1,3-dichloropropene, 1,3,5-trimethylbenzene, 
and hexachlorobutadiene may not meet regulatory standards for aqueous samples. All 
samples except 67572-1 and 67572-9 were characterized by elevated reporting limits as a 
result of dilution. Dilution was necessary because of elevated concentrations of target 
compounds. 


68550 (December 2010) 


Volatiles: 

The case narrative indicated due to method limitations, the quantitation limits for 1,2- 
dibromoethane, cis-1,3-dichloropropene, trans-1,3-dichloropropene, 1,3,5-trimethylbenzene, 
and hexachlorobutadiene may not meet regulatory standards for aqueous samples. 


The case narrative indicated that 1,3-dichlorobenzene had an average Rf of 0.469 and methyl 
ethyl ketone had an average Rf of 0.078. results were reported without qualification. 
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Conclusion: 


Some results would likely be designated “estimated” during data validation as a result of 
QC exceedances. The estimation of results does not necessarily affect the usability of data in 
a negative manner. Estimated results are usable at their reported concentrations for 
evaluating the nature and extent of contamination and for estimating potentially associated 
human health and ecological risks. However, “estimated” results are somewhat inaccurate 
and the direction of bias is not known. Therefore, the data user should exercise caution and 
act conservatively when estimated results are close to the project action limit. 


Some results would likely be designated “biased low” or “biased high” during data 
validation as a result of OC exceedances. Biased results are similar to estimated results in 
that they are usable at their reported concentrations for evaluating the nature and extent of 
contamination and for estimating potentially associated human health and ecological risks. 
However, these results are somewhat inaccurate, and because the direction of bias is known, 
the data user should exercise caution and act conservatively when “biased low” results are 
less than the project action limit and when “biased high” results are greater than the project 
action limit. Some reanalysis results were designated “biased extremely low” and should 
not be used because of inaccuracy. This does not necessarily affect the completeness of the 
dataset because the original results are available for use. 


Several samples were characterized by elevated reporting limits (RLs) because of possible 
interference from the sample matrix. Elevated RLs also resulted from diluted analyses. The 
raised RLs were associated with non-detected results, and the data user must examine 
whether the raised RL is higher than that analyte’s project action limit. Otherwise, raised 
RLs have no effect on the reported data for the associated samples, as the results are still 
usable at the elevated RL. 
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PREPARED FOR: Reichhold, Inc. 
PREPARED BY: CH2M HILL, Inc. 
DATE: November 1, 2012 


For this data evaluation, the precision, accuracy, and completeness of analytical results were 
ascertained by reviewing laboratory case narratives. All laboratory reports were 
accompanied by a case narrative. Laboratory QC forms, if provided, were used to verify 
any QC deficiencies noted in the laboratory case narratives. Samples were analyzed for: 
Volatiles by SW-846 8260B. 


SDGs from 2011 included a certification pertaining to the analytical procedures and 
associated QC criteria and performance standards for all data included in the report. This 
included a series of “yes” or “no” questions, followed by a statement attesting to the 
accuracy and completeness of those responses and of the attached laboratory report. In each 
case, questions A, B, C, D, E, F, and G were designated “yes” (or N/A). In some cases, 
questions H and/or I were designated “no”, but an affirmative response to questions H and 
lis not required for “presumptive certainty” status. 


This data quality review pertains only to samples used in the human health risk assessment 
addendum (HHRAA). These samples are outlined in Table D-1 of the HHRAA. 


70219 (June 2011): 


Volatiles: 

The case narrative indicated due to method limitations, the quantitation limits for 1,2- 
dibromoethane, cis-1,3-dichloropropene, trans-1,3-dichloropropene, 1,3,5-trimethylbenzene, 
and hexachlorobutadiene may not meet regulatory standards for aqueous samples. All 
samples except 70219-1 and 70219-9 were characterized by elevated reporting limits as a 
result of dilution. Dilution was necessary because of elevated concentrations of target 
compounds. 


The case narrative indicated t-Butyl alchol, 2-hexanone, methy] isobutyl, and 1,3- 
dichlorobenezene did not meet minimum Rf criteria for the initial calibration, however all 
analytes had acceptable % results except tetrachloroethene which had a % result of 24.3% 
the laboratory control samples had some analytes with recoveries above the laboratory 
acceptance criteria but within MCP criteria. The MS/MSD analyzed on sample 70219-2 had 
results outside the acceptance criteria for bromomethane, chlorobenzene, and 
ethylbenezene. Chlorobenzene and Ethylbenezene were detected in the parent sample at 
levels that exceeded the calibration range of the instrument. Results were reported without 
qualification. 
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70358 (July 2011) 


Volatiles: 

The case narrative indicated due to method limitations, the quantitation limits for 1,2- 
dibromoethane, cis-1,3-dichloropropene, trans-1,3-dichloropropene, 1,3,5-trimethylbenzene, 
and hexachlorobutadiene may not meet regulatory standards for aqueous samples. The case 
narrative indicated that 1,3-dichlorobenzene did not meet Rf criteria for the initial 
calibration. The initial calibration verification standard was in control for all analytes. 


71268 (October 2011) 


Volatiles: 

The case narrative indicated due to method limitations, the quantitation limits for 1,2- 
dibromoethane, cis-1,3-dichloropropene, trans-1,3-dichloropropene, 1,3,5-trimethylbenzene, 
and hexachlorobutadiene may not meet regulatory standards for aqueous samples. 


The case narrative indicated that methyl ethyl ketone and 1,4-dioxane did not meet Rf 
criteria for the initial calibration. The initial calibration verification standard was in control 
for all analytes. All samples except 71268-1 and 71268-7 were characterized by elevated 
reporting limits as a result of dilution. Dilution was necessary because of elevated 
concentrations of target compounds. 


71497 (November 2011) 


Volatiles: 

The case narrative indicated due to method limitations, the quantitation limits for 1,2- 
dibromoethane, cis-1,3-dichloropropene, trans-1,3-dichloropropene, 1,3,5-trimethylbenzene, 
and hexachlorobutadiene may not meet regulatory standards for aqueous samples. 


The case narrative indicated that methyl ethyl ketone and 1,4-dioxane did not meet Rf 
criteria for the initial calibration. The initial calibration verification standard was in control 
for all analytes. Semple 71497-4 required dilution due to elevated concentrations of target 
compounds. 


Conclusion: 


Some results would likely be designated “estimated” during data validation as a result of 
QC exceedances. The estimation of results does not necessarily affect the usability of data in 
a negative manner. Estimated results are usable at their reported concentrations for 
evaluating the nature and extent of contamination and for estimating potentially associated 
human health and ecological risks. However, “estimated” results are somewhat inaccurate 
and the direction of bias is not known. Therefore, the data user should exercise caution and 
act conservatively when estimated results are close to the project action limit. 


Some results would likely be designated “biased low” or “biased high” during data 
validation as a result of OC exceedances. Biased results are similar to estimated results in 
that they are usable at their reported concentrations for evaluating the nature and extent of 
contamination and for estimating potentially associated human health and ecological risks. 
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However, these results are somewhat inaccurate, and because the direction of bias is known, 
the data user should exercise caution and act conservatively when “biased low” results are 
less than the project action limit and when “biased high” results are greater than the project 
action limit. Some reanalysis results were designated “biased extremely low” and should 
not be used because of inaccuracy. This does not necessarily affect the completeness of the 
dataset because the original results are available for use. 


Several samples were characterized by elevated reporting limits (RLs) because of possible 
interference from the sample matrix. Elevated RLs also resulted from diluted analyses. The 
raised RLs were associated with non-detected results, and the data user must examine 
whether the raised RL is higher than that analyte’s project action limit. Otherwise, raised 
RLs have no effect on the reported data for the associated samples, as the results are still 
usable at the elevated RL. 
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